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UDC 551.(509. 3131 589)
RESUIT'S OF USING INITIAL WIND DATA IN PRESSURE FIELD FORECASTING MODELS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 5-15

[Article by Corresponding Member of the USSR Academy of Sciences G, P. XKur-
batkin, and Candidates of Physical and Mathematical Sciences A. U. Karimov
and V. N, Sinyayev, GQomputer Genter of the Siberian Department of the USSR

Academy of Sclences, Institute of Cybernetics, submitted for publication
18 Aug 78]

Abstract, Based on numerical experiments on two spectral
hemispheric forecasting models a study is made of the possible
use of initial wind data (GARP data) in pressure field fore-
casting problems. Comparative characteristics of the two
models are’presented. In addition, certain properties of the
spectral solution to the linear balance equation are dis-

cussed, and methods are suggeéted for "improving" the solution
to the given equation,

[Text] The main goal of this work is to verify the possible use of initial
wind data in problems of forecasting the geopotential, The study was carried

out according to the results of integrating two spectral hemispheric fore-
casting models.

One model (model II) uses untransformed equations in g-coordinates [1]s
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- 35 g (G—0)— (A= ), o (5)
RT ' 6
S | 0

where , Tvz the symbol (~) designates integration with respect to the
- ’

entire mass of the atmosphere, Z=lnp --value of the pressure logarithm on

the earth's surface, The remaining esignations are the generally accepted
ones,

The boundary conditions with respect to ¢ were used in writing (1)-(6)1
0=0 with g=1,

(7).

0=0 with g=0,

The solution to the system (1)-(6) with respect to the horizontal variables
is sought for the hemisphere, assuming periodicity with respect to A and

the absence of streams through the equator: =0 with 6=90°, The distribu-
tion of the geopotential on the sarth's surface is presoribed; -

b, =gz, z,=2z,(0, 1)

The other model (model §') is a quasisolenoidal model in the isobaric coordi-
nate system [2,3

L0 I ek fa) 4y (fon) = Fa, ®
4t @)t (o= F, o
w, = — % {10)
Ve =y (fry), . an
T=—% ¢p. . ' (12)

T'e boundary conditions with respect to the ver.tica.l:.

=0 with p=0,

=L 0. 9)-10,8) epmion s
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Here the following designations have been adopted:
- J(A,B)-~Jacobian,
Y --horizontal velocity potential,
pedd
dt’
§ --orography,
F, and Fp--""nonddiabatic sources." Each of the functions F‘Q and K, is

presented in the form of a sum of two componentss

; Folly 2 by ) =F, (0,0 p, £) +F (0, ), 1, §),

Frhd p, ) =Fp (b, 5 p, &) + F) (0, p, &),

where F, and Fr--mean climate values of the sources computed for each calen-
dar day as multiple-year averages using system (8)-(12) as the diagnostic
according to the technique stated in [2]. "n and F,i:—-values of deviations
in sources from their mean climate values. Here these functions are found
from the solution to the inverse problem by statistical means (4], The

Adams-Beshfort method was used to integrate the yuasisolenoidal model with
respect to time,

Thus, in its main variant the quasisolenoidal model provides for consideration

i of the nonadlabatic factors in the form of mean climate sources and para-
metrized values for the deviations in sources from their mean climate values,
Because of objective reasons (the absence of multiple-year data in the time
interval from 4 to 9 November in which test forecasts were made) we were able
to use only "December sources" computed as five-year averages for each day

of December for 1964/1968, with additional averaging in the first 10 days of
December.

Tt Is natural that the competence of such an "approximation" requires empirical
confirmation, At least by using the materials of the nultiple-ysar synoptic
analysis of the climate characteristics of these two months it was possible

to draw a conclusion about the presence of significant differences, Thus,
bearing the aforementioned in mind, it is necessary to approach an evalu-
ation of the forecasting potentialitiss of the nonadiabatic model on the

basis of the fulfilled calculations with a certain degree of caution, With-

in the framework of the quasisolenoidal model experiments were also carried

out that permitted an evaluation of the effect of different methods for pre-
scribing the initial data on the forecast quality,

Two-day forecasts by the untransformed model (model TV, variant ﬂ%) and the
quasisolenoidal model (model @', variants @!, @, QL) were compufed for

L initial dates 4,5,6 and 7 November 1969. e aill3briei‘ly explain the
. content of the model variants. Variants ™, and 0:’,_ are adiabatic variants of

modelsTiand ' respectively with the assignment at the initial moment, besides
the geopotential the current functions from wind observations (GARP data),

3
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Here the balance equation (11) 4in variant @} is used "in the less rigid"
forecasting forms

dp(fyd) oy
ot = ot

In variant ! the current function is determined in all seasons including
the initial from (11) (balance wind). Variant Q! is the nonadiabatic
variant of model @' in which the initlal data are-prescribved analogously

to variant d)'z. The calculation resulds for the two models are presented in
table 1. In“addition, table 1 presents the absolute errors of the inertia
forecast (model I, P), In our opinion the most important is the comparison
of the results from integrating varlants I'Tl and (ﬁi in which the initial

data are identical (at the starting moment in both variants only the actual
values of the current function and the geopotential are prescribed). The
root-mean-square errors in both cases are approximately the same; in the un-
transformed model they are somewhat smaller, especially on the second day
of integration. The coxrelation coefficients in variant @' are regularly
greater for all four forecasting examples (the difference is most signifi-
cant on the first day of integration for levels 700, 900 and 1000 mbar),
This can be explained by the methodological difference in the temporal

realization of the two models, and in particular, the methods of initialing
(congruencs) .

In the quasisolsnoidal model at all the temporal stages (including the starting
moment in time) wind data obtained from the solution to the diagnostic

equation (L -equation) are nsed to approximate the divergent portion of the
wind,

In variant IT, the first temporal step in integrating the eddy equation does
not consider~the main divergent term~s ; for those levels wherse this compo-
nent is significant, the approximation s very poor (which explains the low
correlation coefficient on the lower levels on the first day of integration).

It is natural that methods are needed for the unfiltered model to attain a

better initial congruence of the fields or acceleration of the adaptation

processes, The proximity of the root-mean-square errors in variants TT. and

® ! for all four examples can be explained by the presence in the syst%m of

equg:tions for model 11 of an additional "divergent" degres of freedom ‘
governed by the forecasting equations for divergence, and in the case of
the zero valuss of starting divergence this degree of freedom up to a certain
moment plays the role of outlet of kinetic energy of the solenoidal move-
-ent (unique dissipative factor). A comparison of the forecasts from variants
W) and Q) of model @' shows that the use of the actual solenoidal wind

. (vafiant CD:’L as the initial data significantly improves the quality of the
forecasts,” Introduction of nonadiabatic factors into the quasisolenoidal
nodel (variant d)'B) results in a noticeable improvement in the forecasts on

4
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Table 1, Root-Mean-Square Errors, m(numerator) and Corxelation Coeffi-
clents (denominator). November 1969

(a) (b) Tlosepxiocty, 46 (d)
Hexomnas () Cpok aporiioaa, eyr Mo-
Aata 300|500 700 900 1000 | Acan
Pl o e T T T 2
4 | 9 [140 (64 | o4 | 48 | 73 | 46 | 67 | 43 | &7 |1.p.
s s s )| 7w | e | e | 7
) 073 | 071 | 0769 | 0768 | 6,68 | 0,38 | 0,42 | 0,60 | 0,37 | 0,58 | I
66 1107 { 56 | 90 | 53 | 87 | 51 | 8 | 47 | 86 | .,
0,78 | 0,78 | 0,71 | 0,72 | 0,58 | 0,58 | 0,52 | 0.49 | 561 | 0.48 | O
64 |41 | 50 | 99 | 46 | 84 | .45 | 82 | 41 | 84 |,
0,78 | 06T | 0,72 | 0,62 | 056 | 0,50 | 0,50 | 0,42 | 0,32 | 083 | 2
Tl fu8 | 52| 8l | 46 | 67 | 42 | 63 | 35 | 89 |
072 | 0769 | 0767 | 0767 | 0,54 | 0,58 | 0,54 | 0,58 | 0,69 | 061 | Pa
5 93 | 133 | 66 | o7 | 50 | 80 | 48 | 78 | 48 | 80 |1 p.
4 P10 1 53 | 87 | 46 | 74 | 43 | 61 | 55 | 71
: 0,70 | 0760 | 0,66 | 0,59 | 0,50 | 0,7 | 0,51 | 0,68 | 660 | 0,61 | ™
O j12 | 58 | 95 | 47 | &7 | 48 | & | 48 | 97 | .
0,79 | 0,67 {0,77 | 0,66 | 0,71 | 6,50 | 0,65 | 0.53 | o7 | 6.4 | 1
T2 |16 | 50 | 84 | 42 | 70 | 42 | 71 | 44 | 83 | .
0773 | 0,66 | 0,72 | 0,69 | 0,68 | 0,70 | 0,63 | 0,65 | 0,63 | 0.55 | P2
72 |16 | 46 | 82 | 38 | 67 | 38 | 64 | 39 | 66 | .
0,73 | 083 0,74 | 062 | 0,72 | U762 | 060 | 063 | 050 | 0,63 | P2
6 106 166 | 73 |113 | 58 | 87 | a6 | 83 | 38 | 89 |1 p.
79 fus | o7 | 32 f 49 {73 | 52 | 60 | 65 | 83 |
0,72 | 075 | 0,71 | 074 | 0,63 | 0,63 | 0,47 | 0,60 | 0,46 | 0,56 | 1
ﬁ’_'°4£344l9__‘li7__8_'_¢'
0.78 | 0,81 [ 0780 | 0778 | 0,79 | 0,76 | 0,76 | 0,71 | 0,70 | 0. 1
L3071 | on |12 | 79 165 | 73 | 98 | 74 |l04 |,
041062099 | 0,64 0,52 | 0,6310,52{0,60{0,51]0.55 | P2
b4 |0 | 62 | 74 | 52 | a7 | 48 | 52 | 48 | 54 f .
0,50 | 077 | 0083|0777, 0,62 {.0,77 | 0,64 | 0.79.} 5,70 | G381 | ®3

[Continuation of table and key on .next page]
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- "L (1) Tlouepxnocth, &0 (d.
) chg%Pwn () Cpok uporuoaa. eym Mo‘)
- aata 300 500 __‘_700 900 1000 - Aeab
- NI
7 109 1161 52 | 104 50 74 48 68 52 73 I P.
76 1108 i 81 4

48 | 6 | 52 | 6| 66| T |
078 | 078 | 570 | 0,50 | 0,52 | 0,56 | 0720 | D02 | 07 | 0753 | ™1
70 {103 | o4 | 82 | 47 | 721 46 | T4 | 48
550 | 081 | 67T (0.2 | 5750 | 6,60 | 0oos | U703 | 0,61 | 0,51
' 4 | 60 {1106 | &24] YO0 50

82 |13 Y0 fouo | 89 S
G | 0y | Uen | 366 | 6,56 | U8 | 055 | 0044 | 0,00 | 0,48 |13
$0 {1 300 76 | 66| 56 |:33 | 81 _};__f_ﬁ_! o
674 | 071 | 071|070 1 0,71 0267 | 0,74 1 0,68 (077 | 069 | 9
(an-,ume nof10t J1z0 | o8 J1o4 | a1 | 79 S0 | 74| S0 |78 |LP
rarman | T 55 72 | 50 | 64 | 82 | 76
nporiosam | 76 | 116 | 55| 84 | 48 | 72 | & 2 n
nm?xa:mon 073|072 | 070|060 | 0,62 | 0,50 | 0,43 | G,61 [ 0,40 | 0,89 | ™
Monenit . " . . . .
69 | 108 53 88 7. 50 { 46 | S0 18 _B_S_ f
078 | 07 |05 | 072 | 6% | 061 | 0,63 | 0.7 | 0,68 | 0B2 | M
ot {140 | 67 |104 | 35 | 87 | 52 | 88 | 52 | 9L } .
0,66 | 0,67 | 0,65 | 7,65 | 0,60 | 0,60 | 0,85 | 033 [ 050 | 0,49 |
79 | 16 0 | 78 | 43 | 62 | 40 | 58 | 30 | 99 4 .
0.6 | 0,70 | 000 | 9789 | 5,64 | 0,66 | 0,65 | 0.66 | 0,7V [ U,68 } 73

Note, I.P.--inertia forecast, I1.--untransformed model (solenoidal "actual"
wind), (Di--quasisolenoidal model”(solenoidal "actual" wind), & }--quasi-

solenoidal model (solenoidal "balance" wind) '--quasisolenoi&al model
(solenoidal "balance" wind, sources). ' ®3

Key:‘
) a., Initial date d. Model

b. Surface, mbar 8. Mean for four forecasts
c. Period of forecast, day for each model

thq lower levels, although, as we have already indicated previously, for
ohjective reasons the nonadiabatic sources in. this model are introduced by
a not quite correct method,

“> will dwell in somewhat more detail on an analysis of the forecasts with
respect to variants (D'l and Q) with initial data for 6 November 1969, 1In

this example the différence ifi the estimates of the variants is especially

significant, Thus, if variant @i produces a relatively good forecast, the

6
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estimates for variant (D) are considerably worse. In oxder to reveal the
reasons for such a drastfc difference wo conducted the followlng two
ex|oriments, In the first experiment the initial values of the zonal
section of the ourrant function wexe taken from the GARP data (analogously
to variant §!) and remained in the calculation process unchanged, while
the initial v&lues of the nonzonal section wexe determined from the lineax
balance equation (variant (b)), and further were foracasted. The obtained
estimates were close to the atimates for variant @), that is the differences
in the zonal pections of the initial data for the cufirent function in these
two variants in the given case are not the reason for such a large dis~
crepancy (Jjudging from the proximity of the estimates, the differences in
the zonal sections cannot bs significant).

Consequently, another reason remains, the difference in the nonzonal sectlons
of the current function fields in both variants, To all appearances, this
s 1inked to the known faect that for certain synoptic situations the solution
1o the spectral balance equation for nonzonal current function harmonles
(the current function is prasented in a serles with respect to the odd

- sphorical harmonics, while the geopotential--the even) can prove to be
incorrect in the senas of the convergence of the corresponding series., From
the viewpoint of the correctness of using the series for the current functlon

in solving the system of hydrodynamic equations the convergence must at
least be on the order of 0(}2).

n

We previously made a special examination of this problem, In particular,

we studied two approaches to the possibility of improving the solution for
nonzonal sactions, We will briefly explain the essence of these approaches.
In the case of a symmetric geopotential field and antisymmeiric current
function field (in precisely this case the problem d correctness arises) the

precise satisfying of the balance for the prescribed zonal wave number
requires

N o - N .
L (frm Py () =X o% P7 (), (13)

whera f* = (f? psr fo n-t)™ known functions of wave numbers satisfying the
following "boundary" conditions:
P =0, oo =0 (13a)

3,

U™ = (Y mgar e o -0 PH.) — vector of expansion factors of current function
for given zonal number m according to the associated legendre polynomials.

Qﬁ--expansion factor of geopotential field, We noted that the number of

coefficients for the current function is a unit smaller than for the geo-
potential,

7
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Bquality (13) must be fulfilled for any 6, If we attenpt to satisfy cor-
relation (13) by eyuating the coefficients for the same legendre functions

then we will arrive at the following system of equations of relatively
unknown di my

P

(;;l";m)=°,""v n=mom2,, o N

This system 1s redetermined in virtus of conditions (13a), It can be
simulianeous only in that case whexre the geopotential coefficients satisfy
the coupling condition of the typs N . Whexe a‘r’l‘--known coaffi-
cients, . Zanon=9,

Azm
This, of course, doas not have a place in the general case of the indepen-
dent analysis of the observed geopotential field, But this coxrrelation
can be viewsd as ‘the coupling condition in an "additional® obJjective analysis,
1.e., the preseribed valuss of the coefficients of the geopotential fiald
we can “correct" such that the coufling conditions are fulfilled, The

corrected geopotential fisld ((’p ;;m is found from the condition for the
funetional minimum of the type

[=JIL@=—0np dsty § an om, (14)

rRzm

where L--scalar or vector linear operator, the integral is taken with respact
to the surface of the hemisphere, v--Lagrange multiplier, the variations in
the functional are carried out with respect to O*M and v, This method and
the results of its practical application are staled in publication [5]. It
also gives an interpretation of the coupling condition for the final result
of adaptation to the nondivergent movement of a certain dynamic linear system,

The second method is based on the search for generalized solutions for ?p"m
of equation (13) that satisfy the functlonal minimum

a=m

N - - ) N ) 2
1= I{L[ X (fram pro(n) pim I orpriy wn]} ds, (1)

whexe 1, as in the first method, scalar or vector linear operator (in a
particular case 1=l), variations are carried out with respect to §'n,

Three types of operators were tested:
L=, L::;, L=cx

The three-point equations to determine ¥ that can be obtained by variation
in the corresponding functionals,can be written as

8
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(Dy=* Dyyp=(Dy-20)n,
(D5=2Dy)p = (D yn, 4
(DY) = (Dp* D),

where D(A)=g(fvA), t=2ang p=t= operators inverse to w2 and vh
respectively, In solving any of the systems (16) 1t is necessary to always

bear in mind that the number of harmonics for PM(m¥0) is by one orxdex
lower than for @M,

Table 2, Root-Mean-Square Error, m(nunerator) and Correlation Coefficient
(denominator), November 1969 ("corz:ected"geopotentia.l)

L \0) ToBepxHOCT, M6
(=) 30 | 500 | 700 | 90 | 1000
Hexoanan lara (o) Cpox mportors. eyt
| | 2 | 2 | 2 1 2 1) 2
4 58 |19 | 49 | 9 | 47 | 82 | 46 | 82 2| s
0,82 | 0,70 6,73 | 0.67 | 0,57 | 0,52 | 6,30 | 0,42 | 06t | 0.4
s 65 1118 [ 48 1 86 | 41 | 7t | & a2 | o8l
0,77 | 0,65 | 0073 | 0,66 | 0vor | 0ven | 662 | 62 | 676D 0,
6 86 |12 | 8 | 88 | 44 | M| 2] 74 | 48 iR
08 |08 |0 | 0076 |07 |0 | wis |00 | 0 |0
—— 7 74 M4 [ 55 88 | 47 | 75 | 46 [ 76 48 | 4
(a) 07 |0 |00 | 0,72 [ 0750 | 0,81 | 007 | 6,53 | Goeo | 0.5
. 2188 [t M| a]lw
W mrarna | oo | o | o | o2 | ol | 28 oo |63 | o | o
Key:
a, Initial date ¢, Period of forecast, day
b, Swrface, mbar d. Mean for four forecasts

The mean statistical estimate (from 100 foracasts) of the effact on the
quality of barotropic forecasts (500 mbar) of the described methods for
determining the current function showed that the best result in both methoda
is produced by 1=, Here the first method (method of "correction") ylelds
better estimates than the second, _,Bearing these results in mind we computed
the forecasts with correction of Q™ (mp0) for the given four oxamples, The
ostimates show (table 2) that the forecast 1s significantly improved for the
initial date from 6 November 1969, for the remaining three examples it re-
mained approximately on the same level as in medel @2,(4.6., when the

current function correlations for ¢ ™ are found from £he balance equation by
the “classic" method of direct recur8ion).
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Table 3, Spactrum of Kinetic Energy of Geostrophic Wind, Solenoidal
"Balancs" Uncorreoted (numeratox) and Gorrected (denominatox)
Wind on lavel 500 mbar for 6 November 1969

m

" 1 2 3 4 3 6 7 8

’ m 0, 0.0 0,8 02 0,6 0,1 02 02
42 1,8 0,1 1,0 16 2,9 19 1,2 23
Mekd 18 1,0 2,1 1,0 2,7 32 06 36
m+6 33 0.7 3,1 08 25 0.9 14 06"
m8 4,0 33 1,3 02 02 09 08 04
m+10 0,1 13 00 04 04 03 03 00
n+12 08 06 0,0 0,1 0,2 03 02 o1
Mk 14 03 ol 0.1 0,0 0.1 0,0 00 02
m+16 0,1 00 02 0,1 0,0 0,1 00 0,0
mel 0.2 0,0 3.5 10 34 058 1,6 19
041 0.0 25 0,7 31 0.1 21 1,9

m$3 2,6 0,1 0.2 _]_.E 9.0 _8_.9 1,0 _4_,2
18 0.7 T8 24 4,0 7,0 0.7 29

- 34 1,7 0,1 21 29 88 31 1s
m+5 5 09 09 33 28 4,7 0.8 63
1,0 5,4 6.9 02 86 20 08 12

T 22 34 X 0,7 2,0 0.2 14 [
m+9 34 1.5 5.8 02 66 50 22 82
3 25 03 17 05 2,0 03 05

5.0 16 | .50 06 12 A5 19 6.0

U S | % | v | e | m | 98| W | o3
38 4,6 5.8 93 7 2 36 A4

3 L] 03 06 0,0 06 0,0 02 0.l
15 34 6.0 02 10 16 30 79

mHs 02 00 0.2 0.1 0.3 0,1 0,0 0,1
1.7 4,0 8,9 07 | 84 a1 33 16

m17 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0

A certain idea about the nature of the differences in the solutions for the
nonzonal current function fields found by the "classic" method and with the
use of "correction" for the initial date for 6 November 1969 can be obtained
from a comparison for level 500 mbar of thi spectral distribution of kinetic
energy of geostrophic wind (f=const=10-Ys~ ) and the corresponding spectrum
of solenoidal wind energy., It is apparent from table 3 that in the spectrum
of kinetic energy of the solenocidal wind for 6 November 1969 found by the
"¢. assic" method there are small seale components present that are considerable
in size (in contrast to the spectrum of "geostrophic" energy for the given
date), Here the"defect" in the solution 1s present. For the spectrum of
energy computed using the "correction," such a sharp difference is not

observed, and the convergence of, the spectrum with respect to wave numbexs
is moxe uniform,
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Figure 1. Initial Current Function Fields for 6 November 1969

Key:
a, from GARP data
b,c, computed from linear balance equation without "correction” and with
"correction" of geopotential respectively,

The maps (fig 1) for 500 mbar level have been constructed for a graphic
idea of the difference in the current function fields in three cases factual
field, field computed from the balance equation without correction, and field
with correction), It is apparent from these maps that with respect to the
indicated level the "defect" in the solution is the presence of small-scale
components that is expressed in the very large gradients in the near-equa-
torial reglon in the current function field determinsd from the solution to
the balance equation without preliminary correction of the geopotential. 1In
the case of "correction" this defect is considerably smallexr. In conclusion
we note that the given problem can hardly be avoided in the spectral methods
of solving the more common nonlinear balanca equation since the "defact" in
the solution can occur in determining the comfonents of the zero order of

approximation according to the Rossby number corresponding to the linear
equation).

i1
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY .

Table 4, Root-Mean-Square Erxors in Forecasts of Geopotential, m(numeratox)
and Gorrelation Cosfficlents (denominator) according o Full
Mode). (Initial Wind Full), Novembex 1969

(a) = (b) lonepxnoeTy, M0
8 |__to0_ | 300 ] s0 1 700 | 900 | 1000
.E .E (c) Cpok npornosa, eyr
=al 1] o v e o2 v 2] v 2] v ]2
clm |l for || oo || a0 | |28
0,41 | 0738 | 006 : 0762, 0,50 [ G | 0,50 | 0,60 | 0732 | 0,50 | 0,40 | 0,52
5 | 07 |n2 [0 |15 | 54| o2 | a5 | 79| 44 |60 f 65| 7
R | 653 o.b,iu._:ﬁ‘ 0,07 | G785 | 6763 | 0,51 | 0750 | 0,68 | 0,43 | 0,84
6 |08 | 124 | 83 11312.25_ O | 53 | 87 | 83 l 75 | 61 | 93
0,45 | 038 | 0,70 | 0,60 | 0,70 | 0767 | 0,61 | 8,53 | 048 .52 | 0,98 | 0,98
71 ot {105 | 80 Iuo 38 | 84 | 40 | 67 l 53 | 63 | 69 | 86
0.3 | 0768 | 075 0,78 | 0,65 | 6,70 | 0731 | 0,58 | 0,90 | 0,48 | 0,29 | 0,48

Key:
a, Initial date
b. Surface, mbar
¢, Period of forecast, day

Table 4 presents the results of forecasts for four initial dates according
to the untransformed model, where the full wind is taken as the initial wind
data (GARP data). By comparing the obtained estimates with the estimates
according to variant TTl one can conclude that the full wind produces a
poorsr result than the "solenoidal,"

- It is natural that with respect to the four. aforementioned examples it is
impossible to speak of the objectivity of the analysis. But nevertheless
analysis of the actual wind requires serious attention for its use in the
hydrodynamic forecasting models.

Tor a graphic idea about the nature of the forecast from variants T, and
®! the isolines of the actual and forecasting geopotential fields a% level
506 mbar for forecasts with initial period of 6 November 1969 have besn
derived on the graph plotter (fig 2).

Conclusion

TLasad on the conducted experiments the following conclusions can bs drawns
‘) the technigque of temporal integration of untransformed squations (in-
cluding the problem of initial congruence) requires further methodological
modification in order to improve the quality of the forecasts;

b) use of the actual solenoidal wind significantly improves the quality of

the forecasts both with respect to the untransformed model, and the quasi-
solenoidals
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Figure 2. Actual and Forecasting Values AT (in Deviations from the
Standard) for Forecasts with Iniéggl Period for 6 November 1969

Key:
a,b,c. Actual values for 6,7,8 November 1969 respectively
d,e., Forecasts according to variant TTl on 7, 8 November 1969 respec-
tively .
f,g. Forecasts according to variant Qi for 7,8 November 1969 respsc-
tively

c) use as the initial data for wind of the solenoidal sectlon obtained from
the solution to the spectral balance equation in certain cases can result in
considerable errors (cases of incorrectness of the solution), The proposed
method of "correction " of the geopotential of the initial data in these
cases can be an effective means of improving the forecast quality,

It is evidently necessary to conduct more objective studies in the statistical

sense; for this it 1s extremely useful to have a more extensive archive of
data analogous to the given,

- 13
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UDC 551.509.33
PREDICTABILITY IN LONG-RANGE WEATHER FORECASTING
Moscow METEOROLOGIYA I GIDROLCGIYA in Russian No 5, May 79 pp 16-21

[Artiola by Candidate of Physical and Mathematical Seiences G. V, Alekseyav,
and Doctor of Physical and Mathematical Sclences Yu, V, Nikolaysv, Arctic
and Antavctig Sclentific Research Institute, submitted for publication

10 July 1978]

Abstract, It is shown that synoptic-scale osecillations that
are not completely excluded in averaging are one of the main
sources of noise in averaged values of meteorological elements,
Such nolses are unpredictable, which places limitations on

the possible justifiability of long-range meteorological fore-
casts, From data of 42 Northern Hemisphere stations it is
calculated that the limit of Justifiability of the air

pressure mean monthly anomalies averages 70-75%, while that

of the air temperature mean monthly anomalies averages

75-80% .

[Text] According to the definition given by A. S. Monin [3] the 1imit of
predictability is a segment of time during which the forecasting error does
not exceed the mean climate variations of predictable amounts. As Monin
notes, the problem of determining the limits of predictability can be called
the problem of predictability. The definition glven above was presented in
relation to an evaluation of the possible term of the forecast for individual
synoptic processes with the help of general atmospheric circulation models,

Currently the problem of predictability arises more and more in the discussion
of questions related to the long-rangs forecasts of weather and climate,
Although there is not precise definition of long-range predictability, how-
ever, judging from a number of publications, for example [2], in the given
case this problem is also linked to the possible term of the forecast, At

the same time there are grounds to think that in forecasting long-period
trends in weather and climate the problem of predictability has basic
differences from the short-range predictability.
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Figure 1. Spectra of Daily Average (a) and Monthly Average (b) Values of
Alr Pressure at Stations Leningrad (1) and London (2).

Key:
3. cycle/day L, eycle/month

Numerical experiments on general atmospheric eirculation models show that
the predictability limit of individual synoptic processes is 2-3 weeks. In
order to forecast weather for longer periods it is necessary to operate with
averaged values of meteorological slements which is usually done in long-

range weather forecasts of great term, In this respect it is necessary to
note one important circumstance.

Spectral analysis of the averaged values of meteorological elements shows
that a considerable part of their dispersion occurs in the high-frequency
fluctuations that form the so-called meteorological noise. In particular,

a relatively high level of noises is observed in a number of monthly average
and seasonal average values of meteorological elements, Figure 1 as an
example depicts the spectra of daily average and seasonal average air pressure
values at the leningrad and London stations, As is apparent from the figure,
in the daily average values the main portion of the dispersion is concen-
‘rated in a relatively narrow band of frequencies, With monthly averaging
<ispersion "scatters" over the entire range of frequencies, as a result of
which the spectra of monthly average air pressure values approach the
spectra of a random process of the "white noise" type,
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In relation to the fact that samplings of averaged amounts are a mixture

of processes of different time scales the question arises whether all the
sactlons of the spectrum of averaged values are potentially predictable,
This questlon, posed in the publication of S, Ye. Leyts [2 is of basic
importance, In fact, Lf certain components included in the spectrum of
averagad values cannot be predicted, then this means that there exists a
certain predictability limit that can be presented in the Fform of the ratio
of dispersion of the gredic&able portlon of the process (o® ) to its
summary dispersion (o®). P

Evidently, eath model ox method of forecasting can have its predictability
limit determined by their individual peculiarities, In our case of greatest
impoxtance 1s the evaluation of the predictability limit linked not to the
peculiarities.of a certain model, but the properties of the atmospheric
processes, In examining the predictability problem from this viewpoint, it
is first of all necessary to focus attention on the reason for the develop-
ment of noises in a number of averaged values, since it is precisely theixr
forecasting that produces the greatest difficulties.

One can hypothesize that one of the main sources of noise in a numbsr of
monthly average values is synopticwscals oscillations that are not com-
plately eliminated during averaging, The latter is equivalent to smoothing
of the initial data by an equilibrium filter with samplings of smoothed
values through the period of averaging., The effect of the filter's action
on the temporal series can be expressed through the spectral characteristics

Sr () =S, (01 A (0, (1

where S-(w) and S, (w)--spactra of initial and smoothed series, while A*(w)--
amplitufte-frequency characteristic of filter that is the coefficisnt of
attenuation of the component amplitude with frequency « as a result of the
smoothing of the initial series, For the equilibrium filter with walghts

1, where T~-period of averaging, the amplitude-frequency characteristic looks
T

like

sintw 7
Ar(m)_ rwl

The squars of this function, besides the main maximum in the beginning of

the coordinates has a number of diminishing maximums that are called the
lateral bands of filter transmission.

It follows from an analysis of function A(w) and correlation (1) that the
spectrum of the smoothed series will contain residual enexgy on the periods
smaller than the averaging interval T. Samplings of smoothed valuss
through the averaging interval, according to the theorem of readings [3]
make it possible to present in a number of averaged values only the oscil-
lations with periods greater than 2T, The residual energy of oscillations
with smaller periods will be connected in the spectrum of this series to
periods greater than 2T,
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During averaging for a month the oscillations with scales from 40 to 60
days maintain from 25 to 65% of the initial amplitude, while the synoptic
oscillations with periods from 3 to 7 days--fxom 5 to 8%, All of these
vosidual oscillations transfer to sexies of average monthly values, but
with other frequencies, which are determined by the known allasing'erxor

H=2kfusfy k=12, . ., @

where i‘N=}_--bounda.ry frequency of a number of averaged values,
Z

" fk-—frequencies greater than f, whose residual energy transfers
to a number of averaged va.liues,
f--frequency of averaged series that receives the resldual
enexrgy of oscillations with frequencies fk‘

According to formula (2) the most significant part of the residual oscil-
lations with scales from 40 to 60 days, as well as the residual synoptic
oscillations with periods 4,5 and 7 days are manifest in the series of
monthly average values in the interval of scales from 2 to 5 months, In
the spectral analysis of a number of monthly average data the affect of
such type of noises is found in the form of a noticeable increase in the
spectral density level at the high-frequency ends of the spectra,

S
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Figure 2. Spectrum of Simulated Series Imitating the Daily Average Values
?ag,a.nd Spectrum of Series Imitating the Monthly Average Values

Key:
c. cycls/day d. cycls/month
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The process of noise formation in the averaging of initlal data can be
reprodced by numerical modeling of the temporal serles by the Monte Carlo
method, TFigure 2,a presents the spectrum of a sexies obtained with the
help of band filtering of a sequence of uniformly distributed random values,
By comparing figures 1,a and 2,a it is easy to reveal that the spectrum of
the simulated series in its main features coincides with the spectra of
daily average values of alr pressure ai the Teningrad and London stations.
Figure 2,b presents the spectrum of a series formed by averaging the values
imitating the daily average data, As is apparent from the figure, the
effact of the emergence of nolses during averaging due to the impossibility
of completely excluding the short-period oscillations 1is manifest very
strongly.

Tt has already been noted above that the predictablility 1imit of individual
synoptic processes averages 2 weoks., From here it follows that in the long-
range weather forecasts of great term the nolses created by such processes
are p:ra.cticallg ungredictable. Hore the predictability limit determined

by the ratio o /g® is linked not to the possible term of the long-range
forecast, but 8 1ts justifiability, In fact, if in the forecast of averaged
values only a certain part of their dispersion is potentially predictabls,
then regardless of the term of the forecast its justifiability cannot excesd
a certain limit. It follows from this that the difference in the short-
range predictability from the long-range consists of the fact that the first
determines the term of the forecasts, while the second--their justifiability.

One can switch from the predictability limit o® /o® to justifiability of

the forecast based on the following consideratiBns, We will present the
_ averaged values of the predictable element x in the form

K=+

where v)--predictable part of the value x, and E ~--unpredictable noise,
If it is assumed that the amount M is predictad without exrors, then the
justifiability of forecast P can be presented as

P =Bep {|x—x|=3}.

The amount A is the permissible error of forecast x, equal to

A=2a,

where A-- a coertain number that can be selected from the guide for verifi-
cation of the justifiability of forecasts,

The expression given above for P can be rewritten as
P=Bep ||3| =By,

where
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From hexe
9 * n
P=~—~fe“TdL

By knowing the predictability limit dﬂ ¢® it 1s easy to obtain the value
and determine the justifiability of forecast P, Below are the values of
Justifiability P depending on the ratio azp/cr" with A=0,68t

- 2080 075 070 08 080 08 080
P 08 082 07 07 071 088 066

The predictability limit of averaged values can be evaluated with respect
to their spectrum, and precisely: '

L]

o [07 = 3 S (v) dw,

where S(w)--normed spectral density of averaged values;
W, ~-threshold frequency that determines the border of noise spread.

As shown by the simulation results, for the monthly average data the boundary
frequency corresponds to the period 3.5 months, On the basis of this,
according to the spectra of the monthly average air pressure at the Lenin-
grad and London stations the ratio and limit justifiability of the forecast
were computed, which proved to be equal to 0.77 for leningrad and 0,71 for
London,

The relatively high levdl of noises at the aforementioned stations is not
an exception. Analysis of the anomalies of the monthly average air pressure
at 42 stations of the Northern Hemisphere shows that the ratio ¢ /caverages
0,30-0.40, Figure 3 depicts the map of limit justifiability of ?grecasting
the monthly average air pressure anomalies with permissible error of the
forecast equal to 0.68 ¢, It is apparent on the figure that in individual
regions this justifiability is very low and is 65-70%. The limit justi-
fiubility of the monthly average anomalies of air temperature is somewhat
higher and equals on the average 75-80%.

Naturally, the 1imit justifiability of the forecast can be increased by
increasing the permissible forecasting error. In this respect the question
arlses of the optimal correlation between the limit justifiability of the
towecast and its permissible error that requires special examination,

1ne cited data provide the foundation for‘the belief that the justifiability
of the methods for forecasting the monthly average air pressure and tempera-
ture anomalies approaches its theoretical limit, However, this circum-
stance doss not provide the grounds for pessimistic conclusions. Although
the actual noise is unpredictable, soms of its parameters can be predicted
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Figure 3, Map of Limit Justifiability (%) of Forecasting Monthly Average
Anomallies of Air Pressure with Permissible Forecasting Errox
Equ&l to 0.68 O,

apparently with success, In particu , one of these parameters is the noise
amplitude, Changes in amplitude in time have a significantly greater time
scale as compared to the pericd of oscillations of high-frequency fluctuations,
This makes it possible to link the time changes of noise amplitude to the
long-poriods of the atmospheric ecirculation processes,

On the other hand, the noise amplitude characteriges the stability of the
atmospheric processes, and its forecasting can be of definite importance for
the users, Inthisway one of the possible means of further developing long-

range weather forecasts of great term consists of solving the problem of
parametrization of noises,
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UDe 551,(582,2+584,5)
FEATURES OF THE METEOROLOGICAL PATTERN OF A IARGE CITY*

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 99 pp 22-27

[Article by Professor L, T. Matveyev, leningrad Hydrometeorological Tneti-
tute, submitted for publication 26 Oct 78]

Abstract, Observational data have been used to obtain
the statistical characteristics of the alr tempexature
differences (AT) between a large oity and its environs,
For the first time the differential and integral distri-
bution functions for the AT difference are constructed;
it follows from their analysis that the greatest contri-
“bution to the formation of a "heat island" is made by
urban air pollution that significantly reduces heat losses
by means of effective radiation, The role of the addi-
tional amount of heat released by industrial enterprises,
transportation and dwellings is insignificant, In large
cities the rise in temperature is already so considerable
that 1t affects the conditions of fog formation, Con-
trary to existing opinion, the probability of fog forma-
tion in a large city is 2-3 times lower than in its
environs., This important conclusion is confirmed also
on the basis of an analysis of the statistical charac-
teristics of the meteorological visibility range,

[Text] The problem of the change in the atmospheric pattern under the influ-
ence of human production activity in the last decades has attracted more and
more intensive attention of the scientists, engineers and economists, This
problem has been covered extensively in the litsrature. From the surveys we
w1ll name here [k,z.lb]. The most important changes are noted in the air
tasin pattern of large cities. These changes are spread several tens (or

ihe first hundreds) of kilometers along the horizontal, and several hundreds
= meters along the vertical, and thus must be grouped with the class of

mesometoorological changes, Despite the large number of studies there still
remain many unanswoered questions,

¥ The main content of the roports at the Leningrad Hydrometeorological Insti-
tute conference (1976) and the International Symposium on Meteorological
Aspects of Atmospheric Pollution (1977).
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The goal of this artiols is 4o reveal by analyals of obsexvational materials

cortain lawa govexning the formation of the neteorologioal pattern of a
largs oity,

Alr temperatuve, Many researchers have ostablished that the urban Alx
temperature (T_.,) is above ths aix temporature in its environs ('Eok )
The mean values®8f the differance P

AT m Trop = Toup

most often for large eities are 1-2°0, However, until now there has not veen
a detalled statistical analysis of the AT difference, 1In £illing this gap
¥e analyzed the observations (for oight periods) of air temperature in
laningrad (Hydrometeorological Observatory) and in several points (Voysykovo,
Volkhov, Sosnovo, Belogorka) 80-100 km from the conter of laningrad (Voyay-
kovo 1s an exception since it is locatad roughly 20 km from the conter of
Teningrad), The mean (multiple-year) values of AT difference fluctuate (for
different points) betwsen 0.9 and 1,2°C in winter, and botween 1,0 and 1,30
in summer, The AT difference risas with “ime, Thus, from obsexrvations for
the five-year period 1970-1974 the mean A'r values wore botween 1.5 and 2,00
in vinter, and betwsen 1,1 ang 1,6°C in summer,

The changes in AT difference during the day are important, The mean AT values
for 5 years at different times of the day are given in tadble 1, Here the
point is indicated for which the mean (for winter and sumner) AT difference
is determined between the air temperature 4n Ieningrad and in the given

According to the data of table 1 the greatest AT difference values are attained
at night and in the morning hours, while the smallest--during the day, Since
the industrial enterprises, heating systems, and especially transportation
emit heat, of eourse, considerably more during the day than at night, then it
follows from the findings that the decisive role in the formation of a "heat
island" in the city is played not by that additional heat released by the
industrial enterprises and transportation, but by other factors (a.mong the
latter the reduction in offective radiation in the city under the influence

of pollutants is espacially important),

The analyzed data mass (the samplings include 17,366 AT differences in winter
and 14, 720 in summer woxre used to construct the empirical functions for
AT distribution (tables 2 ang 3).

The probability density (differential distribution function) reaches the
maxinum (modal value) equal to 33,9 in winter and 25,4% 1in summer in the
interval 0-1°C ang 1-20¢ respectively, The AT extremes are containedq in
winter between 16 ang ~9°C(at the intervals 15-16°C and -9- -8°C theye are

3 and 6 cases respectively), in summer betwsen 11 and -11°C (at the intervals
10-11°C and ~11- -10°C there are 2 cases each), The distribution function
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Tabls 1, Daily Course of Mean AT°0 Differenca Values, 1970-1974
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Bpemi, ‘ ) h h ( J
p" (dsﬁ)un (.R!?TO !(iﬁl .'léfo) .‘Hllﬂgﬂ) .1&!1‘()) —m(aﬁu) .1&1‘0) hll.\gl ALtO
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06 1.4 1.4 0,9 2,4 1,9 2,8 21 2,0 [ 1.6 | 2,2
W dlwg |l 2l o7 Lo L2 22 06 L0 [08
12 1,2 0,7 1,0 0.7 1,5 0.5 1,7 0.1 1306
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Keyty, fmine, h e, Volkhov
b, Voyeykovo f. All points
¢, Sosnovo g, Wintex
d. Belogorka h, Summer
Table 2, Probability Density (P%) of AT Diffexence
RN )] ' —tt) =)
A G 3n\un Jlknf ATC 13nwmalJdero |8 7°C |3uma | Jlero || A T°C | 3uma | /leto
]
=T o 3] 1,2 17 162 | 23,41 2,6 647 1,21 1,2
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=:e T B B AL
—4+-=3) 0.8 0.7 || 0+1 (30 2OF A2} 50| 12 Lvowrt] 0i1 | 020
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Table 3, Integral Function F(AT> X) of Distribution (%) of AT Difference

— T Tty TR
3 AG | 3nma llero |.\X‘C 3uma | Jlero jj A XC !Juun Jdeto]] A XC lsu.\u tevo
12 0110, 7 2,11 0,8 ' 2 1255 32,4 -3 | 98,6} 4,8
1 02100 6 3,21 2,0 1 |48,91 58,0 -4 10041000
1 o3| 0,0 5 59| 4.2 0 }829] 80,0 =5 199,7192.8
] 061 0,1 4 9,1] 8,4 ~| 194919019 ~6 | M9 v
S 1.1 10,3 3 165,01 16,7 ¢ =2 |107,44 97,1
eysa, Winter b. Summer

has also been constructed for the data referring to different observational
periods. The analysis showed that in summer at 03.00 the probability density
reaches the maximum (equal to 22,5%) in the interval 2-3°C, in the daytime
hours (09.00, 12,00 and 15.00)--in the interval 0-1°C, and in the evening
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(18,00, 21,00 and 00,00) and morning (06,00)=-in the intexval 1-2°C, 1.0,
the AT distridbution also indicates that at night lharger AT differences are
olservad than during the day,

The meanAT values for the samplings used to compile tables 2 and 3 egual
1,33°C in winter and 1,409 in summex, the dispersion equal 3,87 (°¢)®in
winter and 3,68 (°0)°® in summex,

According to tho data of table 3, the oity is warmer than its environs (AT
> 0°C) in 82,%% of the cases in wintex and in 80,04 of the cases in summex,
Targe positive AT values (AT>40C and espacially AT>7°C) are- obsexrved oon-
siderably more often in winter than in summer,

Analysis of the functions F(AT> X) constructed from the observational data
for individual periocds indicated that at night positive AT are found more
often than during the day, Thus, in summer at 00.00 and 0,300 the F(A T>0°C)
values equal 92,7 and 94,5%, while at 13,00, 15,00 and 18,00 thase values
equal 67,8, 64,1 and 67,0% respectively,

A comparison of AT for individual points shows that for Vo ykovo, Sosnovo
and Bologorka the F(A T> 09C) values are roughly the same (in summer 79-
85%), while leningrad is warmer than Volkhov (the point is larger, and
apparently, more pollutsd) in a smaller number of cases (in summer in 73.2%) .,

Information about AT with a varying cloud cover is important. According to
observational data in sumner (June-August) for 1970-1974 the mean values of
alr temperature differences ( ATer‘ =T c) in Ieningrad and Sosnovo are:

Amount of lower cloud cover, points 0-2 3-8 9-10
Night (21.00-06.00) . 2.8 2.0 1.4
Day (09000'18100) 008 006 102
Days 2.0 1.1 1.3
Number of cases (for days) 1492 399 381

According to these data, at night with an increase in the cloud cover the AT
difference is reduced, and at night the transition from 8lightly cloudy
weather to ovexcast is accompanied by a rise in AT,

Visibility and fog, The most imporitant value is the rangs of visibility
(everywhere we have in mind the motoorological visibility range S_ linked to
the linear index of radiation attenuation a by the correlation § mj. 5/a),
According to the observational data for winter of a five-year pe;m.iod (1970-
1974, December was taken for 1969-1973) the following probabilities were
obtained (P) for visibility rangs not exceeding 10 km fs < 10 km)s
leningrad Voyeykovo Volkhov Sosfovo Belogorka
n 2457 1657 hd 1284 1383
P% 68.2 bs5,9 20.7 35.6 38.2
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Acoording to these data, the reducad visibility in a large olity is observed
- considerably moxrs often (in the givan exampls, in 68% of the oases) than in
the environs of the olty (in Sosnovo--in 36%, in Belogorka--in 38%, and in
Volkhov-=21% of the cases), which is governed by the effect of pollutants,
Thias conclusion agress with the data of previously fulfllled studies [3:].

Table 4, Density of Probabilitles (%) of Visibility Range (Sampling Volume
for Each Point--3608), Winter 1970-1974

(L) Hurepan Su, ku
wlale S i =
vidld|d]e]A
J1,412,1122,9141,8]15,0]16,8
flemurgas, (2) L4124 K0 S B
Boaxos L 0LA10,51 4,1]14,6132,7148,7
Coctoso (| J4,713,4( 8,5019,0122,0141,5
Seacroprd~(6) 18.512.7110,3121,731,8(29.0
Koy
1, Interval Sm. km L, Volkhov
2, leningrad 5. Sosnovo
3. Voyeykovo 6. Belogorka

Analysis of table L shows that in Leningrad the exacerbated visibility con-
ditions are mainly created as a consequence of the weak and moderate haze

(8 _=6-10 km and 8 =2-6 km):s in these intervals the recurrence of S_ in the
ci@y is roughly 2™t 1mes groater than in its environs, The proba.'biﬂty of

thick haze (S _=1-2 km) 1s roughly the same in leningrad and its environs, The
results on thB probability of the visibility range not exceeding 1 km (S < 1 km)
proved to be unexpected., In many articles, the educational and monograp
Viterature it is indicated that in the city the visibility range is signi-
ficantly lower than in the suburbs, The data of table 4 refuie this assertion
in relation to the poor visibility., In fact the probability of S <1 km in
Leringrad is 1.4%, and in its environs this probability is 2-3 tifles greater
(in Sosnovo--4,7%, in Belogorka--3.5%, in Voyeykovo--2.8%)., Since the visibility
rangs S < 1 km is mainly governed by the appearance of fog (snowstorms and
anowfalls also make a certain contribution) then we turned to the data on

the racurrence of fogs (table 4) not only in the winter period (1970-1974), dbut
alsﬁ)during all the seasons of the two five-year periods (1965-1969 and 1970-
1974) .,

Tha data of table 5 contradict the extant apinion according to which 4in the

1 rga cities the conditions for fog formation supposedly are more favorable
iuan in the rural locality.

In actuality, in leningrad the fogs are formed 2-3 timas less often than in
the suburbs (in small populated areas). This is also indicated by the data

n ths total duration of fog t* for winter 1970-1974 and the babilit
?P) of its observation: & ) I70-197 gro ity
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Leningrad Voyeykovo Volkhov Sosnovo Belogorka

t*, h 115 319 117 hya 265
P% 1.1 3.0 1.1 4,1 2.4
Table 5. Number of Days with Fog
(1) g |(D|® (] g (6)
Mepuoa £ S| 8 8 g
nadnonenih El -§ g g %
g | o | & &
' 3965—1969 . | 80 | 104 | 206 | 142 | 10t
:713%‘5?3?1'53. 7 {25 | 120 | 208 | 238
'725%?1?? or |2 | ol J B || ®
{anma) ‘(53 .
Keys
1, Period of observations 5. Sosnovo
2, leningrad 6, Belogorka
3. Voyeykovo 7. all seasons
4, volkhov 8. winter

Atmospheric pollution of the city, of courss, promotes exacerbation of
visibillty and fog formation, However the difference in temperatures AT
between the city and environs has a stronger effect on fog formation, In
fact, when the state of saturation is attained (£,,,2100%) in the environs
the relative humidity f in the city with diffe%ﬂt T okp andAT adopts the

Tollowing values: rop
Toxp °C -2 -0 0 10
with A7=1°C, % 92 92 93 o4
with 47T=2C, % 8 85 87 88

From the data given in tables 4 and 5 another conclusion followss the
visibility range is decisively affected by the particles of pollutants on
which moisture has settled (othexwise in the city the probabllity of visibility
S < 1 km would be greater than in the environs). Since the urban conditions

the beginning of condensation due to AT are less favorable than in the
environs, then the recurrence of visibility Sm< 1 km and fog in the city is
lower than in the suburbs,

Since the conclusion on the significantly lower provability of fog in a
large city has been formulated (as far as we know) for the first time, then
we also turn to the climate data, The mean (for the year) number of days
with fog, according to multiple-year data, in Leningrad and its environs are:

leningrad gﬂydrometeorological Observatory) -29 Toksovo -67
Leningrad (Nevskaya) -39 lodeynoye pole -52
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=64 Volosovo -68
) Lisly Nos -21
=47 Lomonosov -25

Acocording to these data, the recurrence of fog in Leningrad is roughly

2 times lower than in the environs,

The exceptions are Lisiy Nos and

Lomonosov, located on the northern and southern shores of the Gulf of Fin-
land whers tho fog recurrence is momewhat even lower than in leningrad.
But these data do not only not contradict, but even support the advanced

viewpoint on the role of AT in the formation of fog,

In fact, the tompera-

ture difference botwsen Isningrad and Lomonosov averages for the year only
0,2°C, .while in October-January, when fog is malnly foxmed thls diffexence
i1s even negative (apparently, the warming effect of the Gulf of Finland has

an influsnce),

It is quite natural that such diffexences AT cannot have

a significant effect on the recurrence of fog, thexefore the difference in
the number of fogs in leningrad and its environs undexr these conditions is
governed only by stronger air pollution of a laxge city (for this reason
the number of days with fog in leningrad was somewhat greater than in

Lomonosov and Lisiy Nos).

The conclusion about the dominant effect of the AT difference on the forma-
tion of fog also follows from the data on the mean (for the year) number of
days with fog in Moscow and its environs:

Moscow (Hydrometeorological rl;oscow(Exhibition of Achievements of the

Obsexvatory)
20

¥lin Dimitrov

Zagorsk
36 37 b6

y National Economy of the USSR)
2

Kashira
L9

In Moscow and Ieningrad the mean differences AT exceed 1°C and here, thus,
the effect of this difference on the reduction in relative humidity and

fog recurrence is perceptible,
than a number of other cities.

Moreover, these cities are less polluted
Analysis of the data given_in the "Klimati-

chegkiye spravochniki SSSR"[Clima.te References of the USSR] has shown that
for the majority of the large cities in our country (except Moscow and
leningrad) the mean values of the AT difference do not exceed several tens
of degrees (in Minsk the mean AT value for the year is 0,2°C, in Kuybyshev
0.3°C, in Kiev and Tashkent 0,4°C, in Sverdlovsk 0,5°C, and so forth),

Since such AT differences reduca only insignificantly the relative humidity
(in the city-as compared to the environs), then no pexrceptible difference
is observed in the recurrence of fog in the city and its environs for the

majority of regions of the Soviet Union,

Moreover, under the influence of

pollution (which, of course, makes its contribution to dmpaired visibility)
the fog recurrence in a number of cities is greater than in the environs

(for the year the number of days with fog in Minsk is 67, in Negoreloys--
55, and in Radishkovichi--46),
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The experimental data that wexe given above and briefly analyzed make it
possible to pinpoint a number of ideas about ‘the peouliarities and laws
governing the formation of ‘the neteorologloal pattern of a laxge olty.

1,

2,

3
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UDC 551,510,522
SI'RUCTURE OF THE BAROCLINIC EXMAN PLANETARY BOUNDARY IAYER
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 28-34

[Article by Professor S. Panchev and D, Atanasov, Sofia University, Bulgarila,
submitted for publication 14 Jul 78]

Avstract., A model of the planetary boundary layer over a
thermally hetexrogensous underlying surface 1s examined.
The obtained formulas axe asymptotically transformed into
the classic Ekamn solution on the condition that the
underlying surface temperature is constant, The problem
can be viewed as the first approximation in solving the
problem of the Jjoint effects of turbulence, baroclinicity,
and the underlying surface relief,

[Tuxt] Introduction

The planetary boundary layex [I?BL] over the thermally heterogensous under-
lying surface (VT07‘0) also is heterogeneous (7 T#0), Hers T . »I'(x,y) is

the temperature of the earth's surface that is_considered fla.%, T=T(x,y,2z) is
the atmospheric temperature at altitude z,y=(0/0x,9Py, 0) is the nabla
(grad)--operator, It s said that in this case the PBL is baroclinic, If
there is no other reason for heterogeneity, then with altitude YT—0 and the
PBL asymptotically approaches the barotropic free atmosphere (VT,,,,uo, vwhere
Te. <T(x, ¥, w)-eonstg. The barotropicity is essentially reached at the

upper boundary of the so-called thermal boundary layer, on the oxder of

dynamic altitude (1-2 km), The general cass, when T,=T(x,¥y) is of undoubted
importance.,

Thermal heterogeneity of the earth's surface can be created by the presence
of large citles, reservolrs, islands in the ocean, stuppe or desert regions,
ind so forth. The baroclinicity will be manifest especially strongly at

‘he boundaries of these regions whexe VTO Has large values,

It is very necessary to consider baroclinicity in the PBL dynamics problems.

Baroclinicity has a significant effect on wind distribution in this layer,

which is apparent, for example, from the velocity hodographs constructed by
Wiin-Nielsen [4],
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Thore are many publications_covering this question, They axe mainly based
on the similarity theory [[5], W¥e will solve this problem in the classic
formulation as was done in [ 2-U |, with certain xefinements, They will
permit a more complete interpretation of the findings,

Approximation of Baroclinicity and Turbulence

Our goal was to study the Joint effect of barosliniecity and turbulence on
wind in the PBL, Here we will consider that;

A, The tempexature field has been presorived;

B, The ‘turbulence coefficlent has been assigned;
C. The quasistatic equation is fulfilled;

D, The underlying surface is flat,

Condition C permits us to write

T(x, 02)

p(x' W 3)=Po(’f.}’)9x0<-‘f§-5—"—':-—-)- ()

From here we find the link between the gradients:
. 2
=2 g (L '
vp=-4-vpt RUS v Tdz. 2
From this gradient we compute the geostrophic windi

- T fo ' :
v,:RTp-k\(vp=-n-'U,+—7—§—ﬁkvadz. 3)

V= RTZ%-’; X VP “4)
--surface geostrophic wind,
E=(0,0, 1),
1--Coriolis parameter,
Wo assume, as usual, that )
T(x 9o §=Tolx, y)—12 7=const. (5)

By substituting (5) into (3), and by using (4) we obtain without any
simplifications

G=%+z U=—I8Exop+ £ FxT, (6)
31
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1,0., the formula that is usually assigned a priori [3,42, but with Lhe
"axpanded" -thermal wind i",' . The linear relationship V)(z) is the simplest
and most convenient for solving the motion equations 1n8tho PBL [3,4],
however, the unrestricted rise in T _ with altitude is its shortooming,

It does not agree with ‘Lhe idea on +fe asymptotic transition of the baxo-
elinic PBL to the Laxotroplc free atmosphere (VT =0),

In order io satisfy the latter requirvement we assume
T(e,y 2)=Teu—0(x, y)e~m,
D(x, ¥) = Tw—To (%, ¥), m= const. M

Analogously to the previous, by substituting (7) into (3) we obtain

P ®
v= R e yp+ =E- kXY T, (9)

lpo 0 mlTo . 0

-0 - - RT. - -
Vg =g + U, = s B X 0P +.mg7°- EXyT, (10)

where Uy, evidenily has the meaning of a full thermal wind, while the
parameter m determines the speed of attenuation inyT with altitude; to a
certain measure 1i characterizes baroclinicity, The formula of the expo-
nontiel type (8) for ¥, was proposed in [2].

More complex approximations than (7) can be tested, howsver this hardly makes
sense, Of main imporitance are the temperature drop €=T,,-T, and altitude
z_=1/m at which TAT, is realized, and not the specific progile T(z), In
alldition as we will see below (85 guarantees a simple solution to the PBL

motion equations., Therefore wa will pass to the question of approximation
of turbulencs,

In the Ekman model its unique characteristic is the coefficient of vertical
turbulent exchange K. Generally speaking, Kﬂ((x.y.z) . We will examine two

examples: T
Rio 8= K = const, a
Ko p=Kix ) (12)

where the characteristic at the top deslignates averaging with respect to
the noted variables,
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One can indleate. at least two examples on which ‘the coefficlent K(x,y) must
dependes drop in velocity = IU‘;L\I on the boundaries of the PBL and 1,

From the considerations of dimensions
K (%, y)=dcadl, (13)

whexe |V'7] 1s defined by formula (10), The expression of typs (13) was
previousﬁy groposed by Gandin [1] for the barotropioc PBL with empirical
constant &= .25-10'6. He showed that in the computation of the vertieal
veloclty w from the consetvation equation based on the Ekman solution with
variable K(x,y) an additional term appears on the order of the main, One
can assume that in-the baroelinie PBL this effect will be even more signi-
ficant, the more so since the substitution of (10) into (3) links K to all
the previous characteristics of the problem, including baroclinicity, By
- averaging (13) with respect to region (x,y) in accordance with (11) we

obtain K=const, Analogous oconsideratinns of dimensions in application to
the true coefficient K?x.y,z) result in

cu.:l 2!
Kix, y, 2) =i —E— f(-cf;).
]
where f(‘q) is the dimensionless function,
Wind Field in Baroclinic PBL

The motion equations of a horizontally heterogenaous PBL look like

o v = v
T K kX -t =2 L T T-KeT (4

where K'--coefficient of horizontal macroturbulent exchange, We note that

in this respect we solve‘the probleim of the PBL structure for synoptic-
scale movements,

As the zero approximation we assume with regard for (11) and (12) that

-
d'_' »\-’ - -
Ko —lkXv=~1EX D, (15)

with the classic boundary conditions

|o]=0, z=:0; 17-»1-!:. Z-> o, (16)

The horizontal heterogeneity enters the problem through % (x, y,2) and
K(x,¥). Then by the method of successive approximations Bne can take into
consideration advection (¥ +¥)¥ and lateral friction K'g?3’,
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By omitting the intermediate computations we obtain the solution to the
problem (15)-(16) for the case of linear approximation (6) in the foxm [4]

e d - - - - - -r "
v=vg+v,z-—»uge “cosaz + kX vy €= sinaz (17)
and for the aexponential approximation (8) in the form

- N
D ;‘; + (-—-5;’ e Py = gR X ;) €=72 COS 02 +

4- (-I; x?g‘ — q-{v, - ;): ,\"'5,) e~% sinaz -+

+ (= PO+ gR X Ty) €=, (18)
whore
2 gt
a=|/§-‘R-, I’=4—:j—s., q=-4-f;., s=—'::“ (19)

Wlth K=const a,s,r and q also will be constants., Since the valus a deter-
mines the altitude of the Ekman PBL (z_=w/a), according to the texms of
the m parameter in 58) one can assumé that m~a, In [2:] it was directly
congidered that me=al sal). Then :c=4/ 5 q=-2/5. In extreme cases it is
permissible (although only theoretically) for m<<a or m>>e, Consequently,
q,x=0 with s-e, and r-1 and q=0(s3/2) with s— 0,

By having solutions (17) or (18) one can compute

D(x, y,2)=y T=u,+9, (20)

Q(x, y, z)=7¢"(v X;)=(VX:U.)J=";_“{V». 20
2

wix, y, 2)=—( D(x, y, 2) dz (22)
H

The latter expression follows from equation D+'w =0 and the condition w(x,y',O)--*
0. We write out the result only for the second®solution (18)3

D(x, 9, 2)=—F, 22 + F\(v * T) + F; (y X Do)y + (v K - D) +

+(vK X ﬁ'zo’z» (23)

H
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2 (%, gy 2)mm (1= F) Q2 = F, (p *0p) + Fy (¢ X Op)y = (y K  Ui) 4
+ (0K X Ty (24)
-y — - =
W(x Y 2) = =Fa 02k Fi(o )+ Fy (0 X Vs (9K Vi) +.

+ (0K X .U’zo)a\ (25)
where

Us=F 02+ Aty Un=Rop+Fo, t2m®+i,  (26)

Functions T, 'F-f{' . “'FT in view of thelr awkwardness are not written outj
0 obta

they are easy n, considering that f; = e-ur; Fy=Fycos az; FamFysinaz,

h

T 0 9z a7 45 48 7 I T 0 (TR

Figure 1, Dependence of Functions Fi(a) and-f‘i(b) on z,

Based on these general formulas one can carry out diverse analyses, We will
linit ourselves to the simplest case where K=const(y K=0) and m=a, i.e.,
r=l/5, q=2/5. The course of curves F,(z),i=1,2,3,4, and 2a T , 192,4,5 1s

shown in fig 1, In formulas (23)-(25} in this case only the Hret 3
components remain,

On the other hand, by using (9)and (10) we obtain

2 = (rXB) = T2 ¢t (Inpy) + - ¢ (N T, (@n
) > R _R |
D,=(y v)= e (vToXtv po)s = P {Tos Dol (28)
3
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2= (XU = = 72 (0 T, -va0) + B o1 (1n o) +

+ £ 9 (In 7)), (29)

where 0= Tx =T, mea,

v (nA)= 2 [AvtA = (p AN). (30)

Consequently,

D(x, y, 2)= = F,Q2 + F D, + F,2,,

Q(x, y, 2)=l|—F.\Q."—F°D,+F,Q,,

w(x y, 2)=~F,02+ F,D,+F,Q, (31)

Usually Ag?A»(vA)? A=ps To. In fact, according to Yudin's known
table on the characteristic values of metegrologi.cal olements and their
derivatives we have (in SI units)s go"-' 107 N/m (19" mbar), yp~1073,

¥ py~ 109, T4~ 3+1079C, gT,~7+ 1060 ¢~ 2:10-11, Then (t¥A)® 1s' 2
ordeds smaller’than AGRA, fherefore one fan write that

2 (lnd)<A-! g2A. - (32)

However in principle such situations are also permissible where Ag3A~
(g a)2, A=p, .'1'0. so that separately or togethex

W (In7T)=0 and ¢2(lnp,)=0. ' (33)
In this special case 27=0, ynhile

D(x, ¥ 2) Fisina — F;cos
Q(x, y 2) i -ﬂ"—”;'p‘-ll-‘l'- — (F;sina 4 F,cosa) (34)
w (XY, 2) Fisina— F, cosa,

where a is the angle between vectors VI.'O and voy

Generally it is necessary to combine (31) with (27)-(29). Thus, D,(), and
W are expressed as linear combinations of the type

flxyy2)=a, P+ 0,0 To+cp(vp, +dy(v T,)2 4+ ¢, (T T %,
- XvPe's + 8 (v To 90,) (35)
3%
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with known coafficients a,,...,h,, where =D, Q) or w, Such a presentation
makes it possible, by prascribi the configuration of the surface presswre
flelds py(x,y) and tempexature T,(x,y) to study the contribution of each term
to (35)." For exampls, in the ocae of a hot or cold "island" VT,< 0 or
\7"’1‘0> 0 respactively, On the synoptic background (y°p,> O--cyclone or
v"po< 0--anticyclone) effects of baroclinicity can be ganifest (componants
with“coafficients o pond h j)’ and so forth,

As an example we will write out explicitly the formula for w(x, y,o

(practically coinciding with w(x.y.za), where za-rr/a--PBL altitude, Bearing
in mind that Fy= —12a, i?g"=3/5 a, Fy= 150, we obtain

1 T 2 0
w (X, y, o) == R_l"(l - T—f:) 2 (Inp,)

L LTy + m;:;lblo_".&l (3 sina~2 cosa)]. (36)

Howaver, 6<<y, , so that formula (36) can be somewhat simplified, Another
simplification is obtained with tgn=2/3 (a34°) when the latter term becomes

equal to zero. And without this, however, it is usually two orders smaller
than the first two, and it can be ignored,

Coneclusion

Publications Ez-u] have a priori assigned the thermal wind W.. We obtained
1t (formulas (6) and (8)-(10)) based on the static equation (1) according

to the prescribed temperature field., Thus, the link between (9) 7y and

a number of characteristics of the problem has been "expanded," This

made it possible in the final analysis to f£ind such links also for divergence
D, eddy --[) , and vertical velocity w. The Ekman problem was solved in

the first approximation (15) and with condition (16), i.,0,, the simplest
variant with regard for baroclinicity. The main result of the work is the
fornulas (27)-(31) or (35) that are easily interpreted, Further refine-

ment can be carried out by introducing instead of (16) more correct boundary
conditions [3,4].

This work is a stage in the solution to the more general problem of the
Joint effect of turbulence, baroclinicity and relief on the PBL structure,

e
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UDC 551.509.,32

PROBLEM OF NUMERICAL FORECASTING OF THE ALTITUDE AND TEMPERATURE OF THE
TROPOPAUSE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 35-40

[Article by B, T, Kurbanov, Institute of Mathematics of the Uzbek SSR

Academy oﬁ Séiences, Main Geophysical Observatory, submitted for publication
21 Dec 78

Avstract, A technique is suggested for determining changes
in altitude and temperature of the tropopause from data on
changes in altitudes of isobaric surfaces ad jacent to the
tropopausa, above and below it,

Evaluations of the caloulated changes in tropopause altitude

and temperature are given from data on actual altitude changes
in the isobarie surface.

The proposed technique is tested on forecasting material,
When the forecast of isobaric surface altitudes is satis-
factory the forecast of tropopauss temperature and altitude
has forecasting significance, :

[Text] 1In publication [4] L. V. RukMovets proposed a formula for determining
the change in tropopause altituds, considering that temperature and pressure
at the tropopause are constant, while the vertical temperature gradient
undergoes an interruption,

We will designate the tropopause altitude by Ht » and the interruption in
the function during the transition through the gropope.use by [f]. In these
designations the formula for the change in tropopause altitude looks 1ike

T=—I_!;_f_j'- o’ M

where T--fan:perature,
= - —::-'-— vertical temperature gradient,

39
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Thus, by forecasting the temperature in the troposphere and stratosphera,
for exampls, with the help of a numsrical model it becomes possible to
forecast the tropopause altitude, If in (1) the temperature is expressed
through the geopotential from the static squation, then it becomes possible
to forecast the tropopause altitude on the basis of forescasting the Waric
field, 1In this case formula (1) adopts the appearance

M
oH, ep t op \
e = 2 @

By knowing the pressure change (geopotential) in the layers adJjacent above
and below the tropopause, as well as the temperature change with aliitude
in these layers, one can compute the tropopause altitude change., In the
first approximation the amount [y] can be considered constant and equal to
the difference in the standard vertical temperature gradients in the tropo-
sphere and stratosphexe.

For the practical application of formula (2) it is necessary in some way to
approximate the derivatives with respect to the vertical, for example, with
the help of finite differences., Another way is to use the statistical
approximation formula (2). For this purpose we present the change in tropo-
pause altitude by the change in pressure (geopotential) in the form

oH, X oM
—==Cy+ ‘};lc, S 3)
) ox
\ _ .
AHp=Co+ X Cia H, (4)

where the symbol A designates the change in a certain time interval. The
unknown coefficients Ci can be determined by the method of least squares,

For this purpose record tadiosdnde data for 1974-1975 were used for the
Leningrad station for the four main periods for the summer and winter seasons,
and for the two main periods for the spring and fall seasons,

Preliminary analysis of the radlosonde data indicated that the tropopause
most often (about 80% of the total number of cases) is located between the
levels 300 and 200 mbar (hers and further by tropopause we will mean the

altitude of the lower boundary of the tropopause determined at stations [2]).
Further calculations were made precisely for this case.

The C3 coefficients were defined for each season and for different time

inter¢als (for 6-, 12- and 24-hour changes in the tropopause lsvel) from
two samplings referring to 1974 and 1975.

Lo
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

At flrst the coefficlonts G, wore defined from data for one year, and then
a caloulation was mads of the changes in tropopause level both from the
data for this sams year (dependent sampling), and from the data for anothex
yoar (independent sampling), Then the actual and caloulated changes in
tropopause lavel wore compared with each othex, the correlation coefficients
r wore defined, and the relative exror and the error in determining the
sign of change inpaccording to the formula

Bp=—n. B
P ©)

Here mb--numbexr of coincidences,
n=- ~=number of noncoincidences in the sign of physical and caloulated
changes in the tropopause level,

Further analysis showed that the best results axe obtained in an examination
of the diurnal changes in the tropopause level., Column A of tabls 1 presents
evaluations of the calculated diunnal changes in tropopause altitude accor-
ding to the dependent (i.e,, that used to compute the corresponding coef-
ficdents of the regression equation) and independent samplings for each
season, Here N--number of cases used for the caleulations. In these

Table 1, Evaluations of Caleulated Diuwrnal Changes in Tropopause Altitude
from Data on Change in Surface Altitudes 500, 300, 200 and 100 mbar

" Ceaon, roa Yl A B 5
(a.) (ari6opxa) ’ A . r P .
Eb}ﬂem 1974 (sasuciman) (£ 223 10,89 | 0,65 | 0,46 [ 0,88 | 0,70 0.4.7
B)Mlero 1975 (neaasucnman) (g)38 0,84 | 0,60 | 0,57 [ 0.83 { 0,56 | 0,58
(e)auma 1974 {nnucuuau)g 131 [ 0,86 [ 0,68 | 0,5 | 0,83 { 0,63 | 0,55
(c) "3nma 1975 neaanm:mmi:fv )186 | 0,72 | 0,58 | 0,69 | 0,73 | 0,54 | 0,68
d)Oceun 1974 (3amueinan) g{g 98 10,87 10,57 0,52} 0,87 | 0,61 | 0,53
d)C:zets 1975 (nesanncuman )95 0,78 10,5 | 0,64 { 0,76 | 0,45 | 0,66
Y
(@ecra 1074 (samcuman) (E1, 89 [ 0,81 [ 0,62 | 0,54 | 0,76 | 0,60 | 0,62
(6 Becua 1975 _(weaanneumanf &)114 | 0,69 | 0.47 0,72 ] 0,68 | 0,51 | 0,73
Keyxa. Season, year (sampling) 6. Spring
b. Summer f. Dependent
¢, Winter g. Independent
d, Fall

calculations the diurnal geopotential changes were considered for four
isobaric surfaces: 100, 200, 300 and 500 mbar. Thus, in this case we are
using the value of geopotential changes on two levels located above the
tropopause, and on two located below it, This makes it possible to obtain
satisfactory approximation of the derivatives with respect to the vertical
included in (2), Analysis shows that the results of calculating the tropo-
pause altitude are in satisfactory agreement with the observational data,

L
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The transition from the dependent sampling to the independent does not result
in a significant exacorbation of the evaluations,

Since the forecasting of altitude 100 mbar is linked currently to certain
difficulties it is important to evaluate how much the results are altered
if level 100 mbax is not considered in the calculations, The corresponding
evaluations are given in column B of tahls 1, A comparison of the data in
table 1 shows that exclusion of the 100 mbar level practically does not
impair the evaluations of the caloulated tropopause altitude,

In order to improve the analysis of the regression equation coefficients as

a consequence of increasing the volume of the sampling, these coefficients

for each season were computed from data for 2 years (1974-1975). The

results of ecalculating these coefficients axe given in table 2, Here Q.--
coofficiont with AH..., C,=-with AH 0 and C,--with AH,.., This same

table also gives evaéggtioﬁs of the ¢ culatedeiurnal cﬁggges in tropopause
altitude from dependent samplings, as well as from independent samplings,
whereby as the latter samplings were taken for the "opposite" seasons (summer-
winter, spring-fall),

Table 2, Results of Calculated Diurnal Changes in Tropopause Altitude from
Data for 1974-1975

(1) Ceaont (auGopka) N Co C, C, C, r ) .
2) a1 HeH 6 461 |—0,42|—7,90( 18,47 [—=7,06] 0,86 | 0,62 | 0,52
(5} uro amanan(O) | 81 |=0u42|7.00| 18,47 | ~7.06) 058 | 082 | 822
3 317 |—0,50{—9,51| 18,16 |—7,27f 0,79 | 0,54 | 0,60
(30 fammernart€) (y| Ga7 | 00|10 T 0 | 04 | 850
193 [—1,18|-~7,32] 15,77 | —5,81] 0,83 | 0,58 | 0,58
(7 anmenuan) (6),| 168 |~1,18|~7.32) 15,77 | 5,81 0.83 | 0.88 | .58
203 |-0,89(—6,58] 13,65 |—2,63| 0,72 | 0,54 | 0,67
{{sfecua Gamenuan) (0),)) 200 | -0.80| 6,8 13,65 | ~2.63] 0.72 | 0.4 | 0,67
Yoyt 1. season (sampling) 5. Fall
2, Summer 6., Dependent
3. Winter 7. Independent
L, Spring

We will now switch to the questicn of forecasting the tropopause tempsrature.

We will present the tropopause temperature changes in the form

L
ATy =Co+ ¥ CAH, (6)

i=1

42
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Also, as in the case with the change in txopopause altitude, the coeffi-
clents C, wore determined from the data for one year of any season., Then
the diuxﬁal tomperature changes in the troposphere wers computed both from
data for this year (dependent sampling), and from data for another year
(independsnt sampling) of the same season, The results from compaxr ing

the actual diurnal temperature changes in the tropopause computed from the
diurnal changes in altitudes of the isobaric surfaces 300 and 200 mbax

are given in column A of table 3,

Table 3, Evaluations of Calculated Diurnal Temperature Changss in the
Tropopause from Data on Changes in Altitudes of Surfaces 300
and 200 mbar (A), 500, 300 and 200 mbax (B), 500, 300, 200 and

100 mbar (C)
A 5B B C
' Ceaon, roa (subopxa) N
(1) . rfp e |r P ¢ r 3 .
6
( )ﬂ 1974 (2avncnvagyyy 223 {0,87]0,62]0,49(0,88 0,67 | 0,48 | 0,88 | 0,68 | 0,48
(25:133 1975 fueaan:.cméz 238 {0'30{0.55]0:60|082| 0'60 | 058 | 0.82 | 0,60 | 0,58
Ma 1974 (3a Ma 128 {0,9410,73]0,35{0,95| 0,75} 0,33 | 0,95 | 0,77 | 0,32
Eg; g::;:g }975 {i«eg::ic!'lllgn.\l)z’ 182 (0,89]0,75{0,46|0,%] 0,77 | 0,43 | 0,89 | 0,70 | 0,46
Yocens 1974 :nnncnmagf 95 0.89)0,64{0,46{0,90] 0,68 | 0,44 | 0,91 | 0,62 | 0,44
Eu §§u‘31975 (l(manucu.\m ]))94 0,86{0,550,54|0,88| 0,64 | 0,48 | 0,89 | 0,64 | 0,46
B 1974 .\la(i> 89 10,85(0,64]0,520,87} 0,75 | 0,49 | 0,89 | 0,75 | 0,46 .
6-553 B:g::g 19715 (Slaeggll:fl‘éu.\m f)IIQ 0.84{0,6210,57/0,84] 0,62 | 0,58 | 0,83 | 0,61 | 0,58
Key:
1. Season, year (sampling) 5. Spring
2. Summer 6. Dependent
2. Winter 7. Independent
« Fall

We will attempt to refine formula (6) by increasing the number of levels
examined near the tropopause. In column B of table 3 evaluations are given
from formula (6) using the diurnal changes in geopotential at levels 500,
300 and 200 mbar; column C gives the analegous evaluations using the data
at levels 500, 300, 200 and 100 mbar,

Comparison of the results given in table 3 indicates that addition of the
data for the 500 mbar level to the data for levels 300 and 200 mbar some-
what improves the evaluations of the calculated diurnal tropopause tempera-
ture changes. This has an especially noticeable effect on the evaluation
of p. The addition of the data from the 100 mbar level dces not result on
the average in an improvement in the evaluations. Therefore, appparently,
the variant based on the use of data on changes in the surface altitudes
500, 300 and 200 mbar should be considered the optimal,

In order to improve the analysis of the regression equation coefficients

by increasing the volume of the sampling these coefficients were computed
from the data for both years, The results of the calculations of these

k3
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Table 4, Results of Calculated Diurnal Tropopause Temperature Changes
from Data foxr 1974-1975

(l> Ceaon (nnGopra) N C | G [ Gy r [ e
(2) Nero (Jnnucn.\mn)(?] 451 | 0,06 | 0,315 [—1,364] 0,98 | 0,85 | 0,64 | 0,52
(3) 3iMa (neaasiicnmMan )310 — —_ - - 10,85 [0,64 |08
(3) 3uva «3nnucumanf?) 310 | 0,13 | 0,218 \—1,368( 1,082 | 0,93 | 0,75 | 0,38

(zylero {HeaanncuMan )461 - —_ — - {092 | 0,75 | 0,38

3 Ocehb (3am|cn.\|m662 189 0,00 | 0,336 —l,?b& 0,865 0,80 | 0,60 | 0,45

Becna (ueaam«cumm() ) 201 - —_ —_ — | 0,88 | 0,66 | 0,46

E 3Becna (sannenmanf 6 301' 0,08 | 0,202 |—1,188| 0,806 | 0,85 | 0,67 | 0,83

Ocens (ire3aanenmasn) i 7)8) — — — — | 0,85 | 6.67 | 0,54
Key:

1. Season (sampling) 5. Fall
2, Summer 6. Dependent
3, Winter 7, Independent
4, Spring

Table 5. BEvaluations of Forecasts of Isobaric Surface Altitudes, Tropo-
pause Altitude and Temperature ‘

.1' 2
Ce(aoa ngne%xnocn N r P [
(3)dTero Hyo 2l 074 024 082
Han 0,80 0,33 0,76
Hao 0,76 0,24 0,67
Hyp 63 0,33 0,88
Ty 0,58 0,33 0,93
(4) 3uma Hyg 12 0,72 0,33 0,81
Hyy 078 0,50 094
Ha ,60 0,00 1,41
Hyp 027 0,33 131
Tap 0,57 033 0,80
(5) Ocess Hyo 1 0,24 027 1,34
g Han 074 027 090
Hang 0,80 0,46 0,96
Hyp 0,59 046 | 080
Trp 0,32 —0,09 095
N:0'H
Leys 4 Season L, Winter
2. Surface 5. Fall
3. Summer

coefficlents from the data on changes in altitudes of surfaces 500 0

n
200 mbar are given in table 4, This same table gives the evaluatic,angofo: ?
calculated diurnal tropopause temperature changes according to dependent
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samplings, as well as independont samplings, whexeby samplings for the
"opposite" measons are usad as the latter,

Analysis of the results given in table 4 shows that the coefficients of the
regression equations computed from data for any season "work" well in the
other seasons as well, Apparently, for jractical'use it is sufficient to
compute the coefficients only for any one season or to use coefficients com-
puted from data for all four seasons together with those in question,

All the results given above were based on actual diurnal changes in the iso-
baric surface altitudes., It was important to evaluate the possibility of using
the proposed technique on the forecasting material, As the forecasting model
to determine diurnal changes in the isobavic surface altitudes 200, 300 and
500 mbar a six-level model developed in the Main Geophysical Observatory and
efficlently employed in the Northwest UGMS [Administration of Hydrometeoro-
logical Service] was used [1,3]. With the help of this model forecasts were
obtained for the altitudes of the indicated isobaric surfaces for the
Leningrad stdation from data for 1974-1975 (for summer--21 forecasts, for
winter--12 forecasts, for fall--11 forecasts), From these forecasting data
with the use of the corresponding coefficients of the regression equations
given in tables 2 and 4 forecasts were obtalned for the tropopause altitude
and temperature for the Leningrad station,

The results of the evaluations of forecasts AT ..., Nrgag and AT,.., and the

forecasts of tropopause altituds and temperatuégoacco ng to tﬁgosuggested
technique ard given in table 5.

The evaluations given in table 5 show that the farecast of altitude and
temperature d the tropopause according to the proposed technique have fors-
casting significance when the forecasting of the altitude of the isobaric
surfaces is satisfactory.
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UDC 551.574,12:661,185
EFFECT OF SURFACE-ACCIVE SUBSTANCES ON DROPLET GROWTH AND EVAPORATION
Moscow METEOROLOGIYA I GIDROIOGIYA in Russian No 5, May 79 pp 41-48

[Article by Candidates of Physical and Mathematical Sciences V. A. Borzilov,

and N. V. Klepikova, V. M. Merkulovich, Institute of Experimental Meteoxrology,
submitted for publication 11 Jul 78]

Abstract, The linear dependence of the water vapor
condensation coefficient on the degree of filling of

a monolaysr of surface-active substance is suggeated,

It is demonstrated that such simulation makes it
possible to explain the experimental data on evaporation
of a passivated droplet.

[Text] One of the possible mathods for actively affecting the microstructure
of clouds and fog is the use of surface-active substancse (SAS), in particu-
lar cetyl alcohol (CA) in order to retard the condensation growth (evapora-
tion) of droplets. Initially the effect of SAS on the processes of evapora-
tion and condensation were studied for flat water surfaces, and only after
publication [9] vwhexe 1t was suggested that SAS be used to passivate the
nuclel of condensation, was an active investigation begun of the effect of

SAS on the rate of growth or evaporation of individual droplets or their
collectives [1-8, 10, 11, 13, 18, 19].

Publication [6] has suggested, and subssquent works have developed a model
for the effect of SAS on the indicated processes, Briefly this model can be
formulated as follows. The SAS molecules are adsorbed on the water surface
and form a monomolecular film that prewvents the penetration of water molecules
from vapor into liquid and vice versa. Until the degree of filling of the
nonolayer exceeds a certain threshold valus, the presence of the SAS does
rot affect the velocity of the phase transitions, Assume z=l'/I' is the
Jegree of filling of -the monolayer (I --surface concentration of adsorbed
SAS molecules, I j--maximum possible surface concentration). Then the coef-
ficient of vapor”condensation on the surface modified by SAS, .(z) is
linked to the degree of filling of the monolayer by the correla%ion
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=] % with 2<2, , ) (nH
& (2)—[1‘, with z2= 2, '

where aw--condensa.tion coefficient for clean watex,

In this same work,based on experimental data [26] the value 240,976 was
found, and in publications [8.13] it was determined that aa-3.5'10'5 for CA,
Such simulation of the relationship al(z) makes 1t possible to describe

the experimentally obsexved [8] falrly drastic change in the droplet evapora-
tion rate with 2 close to a unlt. From (1) is also follows that there are
critical conditions for the amount of oversaturation of water vapor and

density of SAS vapor in which passivation of the growth of cloud droplets is
possivle [1, 3, 11],

In our opinion, the introduction of the spasmodic behavior of a,(z) has little
substantiation from the physical viewpoint, In this work anothsr approach is
suggosted for considering the effect of SAS on the rate of growth (evaporation)
of droplets to explain the extant experimental material, without resorting

to postulation of a ijump in the condensation coefficient. At the same time

it will be shown that the posslbility exists for a noticeable passivation of
small drops with any values of z. Recommendations will also be given for

the conducting of the corresponding experimental studies. In addition,
requirements will be formulated for the experiments to determine the ratio
of rates of adsorption and desorption on which the kinetics of the SAS mono-
layer formation on the droplet surface significantly depends,

1, We will examine the stationary problem of evaporation from a flat water
surface in the presence of an SAS monolaysr with degres of filling z, The
stream of water vapor j from surface S is determined by the expression

j=BS(C-C.), @

where G, Ce--concentration of water vapor at surface and far from it raes-
pectively,.B--coefficient of mass transfer determined by the geometry of the
problem. On the other hand, based on the kinetic considerations flﬁ the

stream of vapor can be written in the form
. _ Y, v
J== VeS| e ll—2) + 2" TF) Co[(1—2) £ T &
U+,
+ze C,,}, (3)

where V —-thermal velocity of water molscule,
k--Boltzmann constant,
T--absolute temperature,
U--energy of water molecule bond with water surface,
Ua--work of transition of water molscule through monolayer,
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GO-~concem:ration of water moleculss in liquid phase,*

By exluding ¢ from (2) and (3) we find that
C—C,

e W N -
ib‘ . VTSGZ (!)
where C=C e—-,f—"f _1  --concentration of saturated water vapor above the
s = Lo * Tay

flat surface of clean water,

The following designation is introduced into formula (L)
LY .
a,(z):aw(l-—z)-*-a,z, a=a, e AT (5)

In physical meaning the amount 0®(z) introduced by formula (5) is a conden-
sation‘coefflclent of water vapor on water surface covered with a monolaysr
of SAS with degree of filling z. In contrast to the condensation coefficient
determined by expression (1) the introduced coefficient ¢?(z) is a linear
function of z, Actually this means that the exchange of molecules through
the surface S(1-z) occurs with condensation coefficlent ¢, while through
surface Sz--with coefficlent ¢ . Such a description is t0 a certain degree

a model, therefore relationshif az(z) in form (5) can serve only as the first
approximation, .

It would seem that the proposed linear relationship as(z) must contradict
the experimental data of Barnes and Ia Mer [16]. This work measured the
dependence of r--resistance of the monolaysr to evaporation--on the amount
of surface pressure of the monolayer F, A characteristic feature of the
relationship r(F) is the presence of bend, Precisely as a consequence of

this fact B. V, Deryagin and Yu, S. Kurgin [6] proposed modeling #p(z) in
the form of (1).

Under the experimental conditions of Barnes and La Mer the resistance of

the monolayer to evaporation is linked to the coefficiénts ¢ _ and ai(z) by
the correlation (i=1,2) w

"z(z)=vir(?:7)- - —l—) ‘ (6)

*
Generally speaking, in front of the right side of expression (3) the coef-
ficient # should stand which alters from 1 to 2 during the transition from

the diffuse pattern of evaporation to the kinetic. For simplicity we will
consider that x=1,
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0 withz < 2
nla)= l V‘-(-}---&-)wﬂhz >z, ' (N
& (z)='67(117'_715)1‘m+(1‘:%)" (8)

From correlations (7) and (8) it follows that

I'|(1)=rg (l)=%(L.—-—l—)5‘rﬂ|- (9)

. L
#mn ( ) )
/

. f
W
" °

=

) . 1
Figure 1, Dependence of Resistance of Evaporation Monolayer on Surface
Pressure
Keys
1, experimental data [16] 4, sec/em
2, rzfl?‘ 5. dyne/cn
3 ry F

The amount r determines the maximum resistance of the monolaysr to evaporation,
For the calculations we will assume that the distribution of water molecules
with respect to velocities is subject to the Maxwell distribution.. This
apparently is a rough assumption, however its denial would result in the

need to solve the kinetic equation. This means that ths theoretical value

of r_ can differ from the experiméntally observed.maximum valus of rosistance
of the monolayer,

For comparison of r,(z) and r,(z) with the experimental data [16] 1t 1s
necessary to establ}sh a link?‘between z and F. For this purpose we will use
the results of publieation [l?] vwhich measured the’ddep_endence of F on g--
areas for one molecule of CA in the monolayer (z= 20 v .Gp~-mininum possible

value of ¢ From ths form of functions rl(z) ) z:z(zf7 and F(d) (-g—F:< 0; $> 0)
%]
it follows that the relationship z,(F) has the appearance of a "step"
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(interruptiou of the first type), while r,(F)--monotonically increasi
funetion with bend, The possiblewexperiméntal arrors in determining F(o)
and g, result in a modification of curves x,(F) and z,(F), A% the same
time %he change in the amount o, shifts the"point of guptura in the
ralationship rl(F) and the bendQng point in ouxve x EFg. The function
¥y F) is not ssnaltive to the type of relationship @ 0), while the curve
rE F) becomes more gently sloping in the region of the bend with a growth
18 {aF |,

do

Figure 1 depicts the functlons x,(F) and x,(F) (g,=20.5 K® [6]). It is
apparent on figure 1 that funetidn x.(F) a8ssore gnsigniﬁcantly from :.‘2(1?‘).
Consequently, the relationship x(F) l.lias low sensitivity to the type of
function (. (2z), and the results of the experiment [11] cannot serve as the
vasis for the selection of relationship a,(z).

2, In the case of growth (evaporation) in a droplet the coefficient of
mass transfer equals f=D/R (D--cosfficient of molecular diffusion of wator
vapor, R--radius of drop). By using correlation (4) we obtain an expression
for the rate of growth of a single droplet [14]

R(R, 2)= w52 (10)

where §--oversaturation of water vapor, A=4D/V..

In a number of publications [:1.8,13] an experimental study was made of the
change with time in the size of a droplet passivated by SAS. Thus, in [8]
a 300 p droplet was kept for a certain time in CA vapors. Then it was
evaporated with constant incomplete saturation., The experiments showsd that
at first the radius of the drop with time was altered according to the law
dR® = const, and then dR =const. From the viewpoint of the model proposed
dt dt
in publication [6] (formula (1)),such behavior of the droplet radius with
time is explained by the fact that at first the CA monolayer has the degree
. o” filling 2<z ., With a reduction in the droplet surface the degres of
filling is increased, and at that moment when z becomes equal to Zn .the
condensation cosfficient al(z) is reduced in a jump, Since S
T»R»T'

then a sharp transition occurs from the diffusion pattern of evaporation to
the kinetic.

Ve will examine those experimental data from the viswpoint of the proposed

uodel. It follows from formulas (5) and (10) that evaporation will occur
in a2 kinetic pattern if

(-2« (37~ )[(5=-1)= Tl +0(32) +o(%)). (1)

If R>>)3—. then the effect of the monolayer on evaporation (growth) of the
droplet”is important only with high degrees of filling, However, if
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R~n_L (+ 0,12 um with o, =1 and &L..g,g im with o 10,036) then the mono-
] w W
layer will have & notlceabls influence on the rate of condensation growth
(evaporation) of drops with arbitrary degrees of filling, Assume that
[(R. )= R(R, 2)IR(R 0). Than, i the condensation cosfficient a,(z) is
determined by formula (1), then
' 1 with 2<z

A .
fl (R| z) = :‘_A%_-T with z;zn )
l*m ‘

(12)
In the suggested approach (formula ( 5)
A

R S ,
fR =K, (12)

ag K

Figure 2 illustrates the relationships f.(z) and f,(z) for different R, As
is apparent from the figure, for large R™thase relEtionships converge, How-
over, if R~) , then the behavicr of functions (12) and (12') varies.

Ay
Thus, the effact of SAS monolaysrs on the condensation growth (eva.poration)
of drops in the propésed model practically does, not differ from the model of
B. V. Deryagin and Yu. S, Kurgin [5] with R >> T But with R~a—" redeter-

nination of the dependence of the condensation coefficients on the degree of
filling results in a significantly different result, This circumstance is
extremely important from the viewpoint of using SAS in order to actively
influence the microstructure of clouds and fog, since condensation (evapora-
tion) of the vapor is a decisive mechanism in the formation of drop spectra
in the region where the drop radii do not exceed 20-30 pum., And for active
effects in order to prevent radiation fog the most important region of droplet
sizes is the xsgion from tens of fractions of a micrometer to micrometers,

This, same circumstance (difference in the behavior of f,(R,z) and f (R,z) with
RNa—- and z far from 1) can be used to experimentally 3ezify the pgoposad

model" For this studies should be made that are analogous to thosge described
in publication [13]. But hera it is necessary to either significantly (to
seconds) reduce the time for preliminarily keeping the droplet in the CA

CA vapors.
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A(nrAe)

Figure 2, Dependence of ﬁ(z)/ﬁ(o)on Degree of Filling of Monolayer

Keys
1,2,3, £,(R2 (R=04lyt, 1y, 104 respectively, aw-l)
4, f2 R,z
It should be noted that in publication [12] a reduction in the rate of
evaporation of small droplets with low degrees of £1i1ling of the monolayer

of 1soamyl alcohol was experimentally observed, This fact can be viewed as
Qirect experimental confirmation of the proposed model,

Due to the fact that in this model it is suggested that the threshold degree
of filling not be introduced the question arises of critical oversaturation,
By definition [6, 11] the critical oversaturation is that maximum over-
saturation of water vapors at which the surface of the droplst grows such that
CA adsorptlon guarantees the existence of a monolayer with degree of filling
‘Zn.. -
As was already mentloned, if R>> A then the transition from the diffusion
pattern of evaporation (growth) of"droplets to the kinetic occurs in a narrow
region of change in z / 11 A which permits a certain analog Zq

(z € ( o= u.,_le))’

to be introduﬁed, and as a consequence of this, critical oversaturation,
But with R,-v-d—‘ such an analog cannot be introduced and the concept of

rritical oversaturation loses meaning,

3. For the mathematical modeling of the SAS effect on droplet growth it is
necessary to know the constants that determine the kinetics of SAS monolayexr
formation on the surface of a water droplet. One of these constants is )--
the ratio of adsorption and desorption, 1In order to determins this amount .
publication [8] used the link between the degree of filling of a monolayer
and the time for holding in the CA vapors
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n—-i-_‘r-‘-lnll—(l-{-:)zl:%(l-{--),

1, D
8= 7o’ to_ai_p:% ' (13)

whexe 0, --density of CA vapors in space,
D'-=-coafficient of molsoular diffusion of CA vapors,
pc---density of condensed CA,

§-~thickneas of adsorption monolayex,

The corzelation (13) is correct on the condition that R>> 2Dy (Ve -

" thermal velocity of CA molecules), From the experimental da%a in pudbli-
cation [8] the z values were computed Qepending on the time for holding in
the CA vapors, Then parameter ] was selected such that the obtained z values
would besi be'deseribed by correlation [19], It is evident that the relative

change in the degree of filling of the monolayex Az/z is linked to the
relative 4//! by the correlation

'
T =TT (14}

A the same time 1f A=---L &) then, first, the relationship z(t) has

low sensitivity to changes in I, and second, the experimental errors in
determining z result in great relative errors in determining 1. It follows

from correlation (13) that
1
Aoy 9 = ey [ =0 + (1 = 9052
m:]——-'—, 2.:-1—-;?,. “5)

where z,--maximum possible degree of monolayer filling with the given
density of CA vapors.

It can be shown that the function A(w,€) with fixed € has the maximum at
point too, whereby

. o (1 —wg)(e + wg) ¢
(o ) = Gbietens, (16}

The value @, 1is defined by the transcendental equation

1wy (e + o) (1 —2)
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Heze A(oo o> -5 in the reglon of o (0 1—-)' With

TR
w, € ('17‘—'-. l) A(wo, 8) monotonically drops from 1_;_5?—- to zexo, The

naxinun exrorAl/l in detexnining] is reached with the maximum value of A,
Tt follows from formula (16) that A(ws ¢) = Ay where

yeu ¢
A= T AT e

The experinental relationships z(t) in EB wexe obtained with&%; 1.4+10-10
g/cn® and pvs-l.h-J.O'n g/on®, If I~10%2, then Ay(Py,)™0.05 & Ao(pvn):s

0.25. Consequsntly, in the first case the relative error in determining |
is roughly 20 times greater than the exror in detormining =, and in the
gecond case--l times,

Tt should be noted that these evaluations are correct only in a narrow range
of change in z whore both components in the left side of correlation (13)
have comparable values, Outside this region Alw,€) a fortiori is smaller
than AQ:; This means that for a more precise determination of 1 it is

necessiry, first, to have many experimental values of z in the region where
z~—ﬁ7|nll—(‘+‘)z|o (19)

and second, the experiments should be caxried out by keeping the droplet in
CA vapors with low density in order for £ to be the largest possible,

Publication/[&} has found sxperimentally that with P,,-l.l&'IO"lz, 7:10-12,
1.4:10-11 g/cn® the value of z, that did not grow with a further increase

in the degree of adsorption equals respectively 0.463 0,76 and 0,88,
Since

(=t 2 . (20)

o 1 =2,

* “hen we obtain 1=0.6.1012; 0.43-1012; 0.52:1012, This means that the amount
1 (for which the value 0,8:1012 is adopted on the basis of these experiments)
needs refinement,

In conclusion the authors express their gratitude to A.. S. 'Stepanov for
useful discussions.
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SPECTRAL ANALYSIS OF CLOUD COVER OVER INDIAN OCEAN BASIN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 49-56

[Article by A. V, Kislov, and Candidate of Geographical Sciences Ys, K,
Semenov, Moscow State University, submitted for publication 2 Jun 78]

Abstract. The application of a spectral analysis to the
time series of cloud cover of five-degree squares over

the Indian Ocean basin made it possible to ascertain that
fluctuations of two scales are characteristic: synoptic
lasting 3-6 days, and global lasting 14-21 days, It was
established that fluctuations in the synoptic scale cloud
cover are linked to tropical cyclogenesis, while the global
fluctuations are linked to the activity of processes in
the ITCZ and polar front. With the help of cross-spectral
analysis it was ascertained that large-scale cloud cover
pulsations (14-21 days) occur simultaneously over the
entire - territory encompassed by monsoon circulation,

Erext] The Indian Ocean basin is one of the most important and unique regions
of the earth in the meteorological respect, Here the general planetary
circulation processes are actively influenced by the ianique distribution of
land and sea, resulting in the emergence of specific large-scale processes

in the atmosphere and ocean. First of all this is the monsoon, a large-

scale disturbance in the tropical atmosphere, Similar phenomena are known
also in other regions of the Tropics, but nowhere do they attain such
intensity and coverage,

The investigation of the Indian Ocean tropicl zone has a number of difficul-
ties since the network of stations is arranged only on the coast and on
infrequent islands, and is lacking over extensive': regions, The observations
made during expenditions on scientific research ships axe occasional and
cover a limited territory. Practically the only source of global meteoro-
logical information is the distribution of the cloud cover obtained from
metaorological earth satellites that we have used in this work, Spectral
analysis was selected as the research method.
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The region of ‘the Indian Ocean troplcs was divided into five-degree squares
(from 30 to 110° 6,1, and from 30° s.,1, to 30° n,1,), For each square for
each day the cloud cover was found (in fractions of a unit), This amount
was determined visually from the data of television images of clouds obtained
from the ESSA-9 satellites [?.8]. These television images were obtained

at dlfferent times for the territory since the satellite trajectories are
such that over each point on the earth's surface the satellite is at the
local noon, Thus, in the studied region the points that are the extreme in
longitude always differ by 4 h. But since we used the data with discrete-
ness of 1 day, this discrepancy could be ignored, and it could be considered
that the information is synchronous over the entire territory. It was
necessary to reveal the accuracy with which the cloud cover is determined

in the five-degree squares, and to determins whether large systematic errors
develop due to the visual processing, For this purpose the same material
was processed by different individuals and the findings of each were com-
pared, It was found that the error is roughly 15% so that the recovery of
informatlion with accuracy to 0.1 is justified,

It should be noted that on the television photographs presented in catalogues
7,8] only significant cloud formations are visible that are linked to
large-scale processes. Thin clouds of the tradewind type are not noticeable;
in this case the impression of cloudless conditions is created, Thus, from

the very beginning a certain "filtering out" of the cloud cover that

is not associated with disturbances occurs.

For eacn five-degres square series were obtained of 180 numbers each for the
warm (from 1 April to 31 September 1971) and cold (from 1 October 1971 to
29 March 1972) periods, We had a total of 384 series of 180 numbers each,
that 1s about 70,000 numbers,

In order to study the processes whose duration fluctutated from several days
to a month 1t was necessary to filter out the low-frequency oscillations.
This also permits an improvement in the evaluation of the obtained statisti-
cal characteristics, A cosine-filter was used to filter out oscillations
with periods (T) exceeding 52 days. But since the filter is not ideal, it
iatroduces certain distortions into the processes whose periods are close to
52 days., Therefore we will only examine oscillations with T< 30 days; it

is natural to take the short-wave boundary of the spectrum as equal to 2 days,
After filtering we obtained series in which the summer (or winter) months
are completely included, while the spring and fall are also partially
covered, The algorithm for the calculated functions of spectral density

and the cross-spectrum is based on the iteration process of computing the
Fourier coefficlents of even and odd components of this series (Kula-T'yuka
method), The simplest realization of this method is obtained when the number

of terms in the series is a power of the number 2 [3]. 1In our case the
length of the serises is 128=27, )

Such werksusing the spectral analysis of time series of the cloud cover are
very labor intensive, therefore there are few of them [11, 12] The Pacific
Ocean iroplcs were selected as the region of study in order to exclude as
much as possible the influence of continents on the atmospheric processes,

Eni of the authors fulfilled analogous work for the Atlantic Ocean tropics
1],
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Analysis of the spectral density function computed for each five-degres

square made it possible to reveal that the most characteristic, fixst, are
sloud cover oscillations with peried from 14 to 21 days, second, a considerable
part of the dispersion occurs also in the xange from 3 to 6 days, The
separation of the processes only into two classes is justified also be-

cause the existence in the atmosphexe of processes with vexy close frequencies
is not very likely, Publications [11, 12 have attempted to isolate

several harmonics in the spectrum, but they did not succeed in making any
physical intexpretation of them,

According to the data of a number of researchers [_9,10] in the pexriod of
the Indian monsoon quasiperiodically (with a pericd of about 2 weeks) changes
occur in the intensity of the Tibetan and South Indian Ocean anticyclones,
the monsoon trough over Hindustan, the meridional tropospheric jet stream,
and others, The fluctuations we found in the cloud cover with T=1l4-21 days
are undoubtedly linked to these fluctuations in the entire system of monsoon
- circulation, Following the classification proposed by A, S. Monin [4] we
will further call the fluctuations with T=14-21 days global, while it is
natural to group the processes with T=3-6 days with the so-called synoptic-
scale atmosphsric processes,

As the amount characterizing the intensity of the occurring processes dis-
persion was selected that occurs in the frequency interval corresponding to
the synoptic (D,) and global (D.) processes, The calculations showsd that
these are amounts of one order, while together they exhaust 90-95% of the

total dispersion, Figure 1 presents maps of D, and Dc for the warm and
cold periods,

Thus, the application of the spectral analysis methods to an investigation

of general atmospheric circulation disturbances (such as monsoons for example)
that are manifest in the large-scale variability in the cloud cover makes it
possible to approach from a new viewpoint the question of the mechanism for
the actual monsoon and its place in the general atmospheric circulation,

Analysis of the dispersion maps for global and synoptic scale atmospheric

processes is made separately for the periods of the summer and winter mon-
soons,

In summer of the Northern Hemisphere over the Indian Ocean basin three regions
of the maximum activity of global-scale atmospheric processes are clearly
isolated (fig 1,a). The most significant region occupies almost all of
Hindustan, separating here into two regions: northern--with the maximum
along 20-25° n,1, and southern with maximum along 6-12° n.1, The separation
of the maximum valuss of D~ into two centers is a reflection of the

seasonal dynamics of monsoon development, Thus, in April 1971 in the pre-
monsoon period the cloud accumulations in the northern branch of the ITCZ
were concentrated over the southern water areas of the Arabian Sea and

the extrems south of Hindustan. In the middle of May (15th-20th) an out-
break of the monsoon was observed, that is the rapid advance of the cloud
systems of the northern ITCZ branch to the north of India. From June to
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Figure 1, Distribution of Cloud Cover Dispersion in Summer (a,b) and
Winter (c,d) of the Northexn Hemisphere in Intervals of
Fluctuations with Periods of 14-21 Days (a,b) and 3-6 Days (c,d)

August a so-called active monsoon period was established, In fall, in
September, justas rapid a retreat of the monsoon from the foot of the
Himalayas to the south of Hindustan and the Bay of Bengal took place., Thus,
an undoubted coincidence was observed between the regions of localization

of the maximum values of Dp with the mean position of the cloud cover of
ITCZ in the summer and transitional seasons determined by one of the authors
(€]. Here the southern center of the maximum Dr values reflects the
activatlon of processes on the northern ITCZ branch in the premonsoon period
and in the period of monsoon retreat, while the northern maximum is a con-
sequence of the activity of the processes at the height of the monsoon,

The second reglon of large D, values stretches along the northern water area
of the Bay of Bengal, through northern Indochina to the coast of the East
Chaina Sea. The Indochinese section of the cloud cover in the northern ITCZ
branch occurs precisely over these regions in the summer monsoon period LSJ.

The separation of the northern ITCZ branch into the Hindustan and Indochinese
sections, apparently, is not characteristic merely for the summer monsoon of

1971, As a rule, in the northern summer the most intensive cloud formation
occurs precisely in two regions: first, in the eastern section of the
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Arabian Sen and in northern Hindustan, and sscond, in the northern Bay of
Bengal and over the Indochinese peninsula, The genesis of the air masses
participating in the cloud formation also differs. In the first region this
is alr brought in by the southwest monscon from the westexn and southern
water areas of the Indian Ocean, while in the second reglon alr masses

participate in the convergence from the extreme eastern Indian and western
Pacific Oceans,

The third region of maximum Dr values is located in the Southern Hemisphexe
and 18 a consaquence of the actlvity of processes in the southern ITO7
branch, Attantion is drawn to the meridional extension of the region of
maximun dispersion values, This also can be explained by the seasonal
migration of ‘the southern ITCZ branch, and precisely: in April the ITCZ
axls still occuples a position the farthest to the south from the equator,
ahd in July it s the closest to the equator. Therefore the region of
maximum D values confined to the ITGCZ is extended, Its localization only
in the central section of the Indian Ocean apparently is a peculiarity
precisely of 1971,

As 1s apparent from fig 1,a the amount and region of spread of the greatest
D values in the Southern Hemisphere are noticeably infexrior to the
analogous Dr characteristics in the Northern. This indicates that the

atmospheric processes in the summer hemisphers occur moxe intensively than
in the wintexr.

The confinement of the reglons of maximum Dp amounts to the regions of ITCZ
cloud accumulations permits the assumption that the intensity of the processes
resulting in convergence of macro-scale currents in the lower atmospheric
layers changes with periodicity of 2-3 weeks, eliciting, in turn, significant
changes. in the thermal balance of both the atmosphexre and the underlying
swrface since the variabllity in cloud cover resulis in variations in the
latent heat and fluctuations in the radiation sireanms,

In addition to the regions of high Dr values figure 1,a clearly traces the
reglons with low variability in the cloud cover as a consequence of the
activity of atmospheric processes, This is primarily the Arabian peninsula,
the eastern coast of Africa and the western water areas of the Arabian Sea.
Over these regions on almost all of the daily satellite photgraphs without
exception the cloud accumulations of the northern ITCZ branch of the Indian
Ocean section for the space of more than 2,000 km are interrupted and are not
connected to the ITCZ cloud systems over Africa [6]. Apparently, this is
related to the existence over these regions during the entire examined period

of a falrly strong (to 15-20 m s) meridional southerly migrationin the Iower
portion of the troposphere [9],

In the Southern Hemisphere in this period the winter monsoon dominates, es-
pecially pronounced near the Mozambique coast of Africa and Madagascar, These
regions are distinguished by the least activity of the atmospheric processss

and generally have few clouds [6]. On fig 1,a the region of least D- values
corresponds to them,
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Now we will examine the processes lasting 3-6 days that we have agresd to

- call synoptic-scale fluctuations not directly linked to global shifts in
the pressure and wind zomes, In the tropical zone the clowd systems of
such scale are associated with synoptic disturbances at different stages
of development (from depression to tropical hurricane); their characteristic
horizontal scale is several hundreds of kilometers.,

In the peried of the summer Indian monsoon the increased D values are con-
fined to the near-equatorial water areas of the central and eastern sections
of the Indian Ocean and the southeastern Bay of Bengal (fig 1,b). These
are the main regions for the goneration of tropical depressions., Especial
attention should be given to the position of the isoline Dc=0.4 whose con-
figuration almost precisely repeats the shoreline of the Bay of Bengal, A
reduction in Dc over the continéntal regions, undoubtedly linked to the
attenuation in“tropical depressions dwring theix emergence on land, once
again indicates the link between the synoptic cloud cover fluctuations (3-
6 days) and ‘the tropical cyclogenesis, The southeastern regions of China
are another region in the Northern Hemisphere where high D values were
noted, Here the D maximum is also apparently linked to +fe tropical de-
pressions and typhgons.of the East China Sea. :

In the Southern Hemisphers the activity of the tropical cyclogenesis is
slgnificantly reduced and the maximum spectral density observed in the
southeast of the studied region is apparently linked to the fluctuations
in the cloud cover on the tradewind front,

Thus, we have ascertained that in the period of the summer monsoon the regions
of maximum low-frequency fluctuations in cloud cover do not coincide with

the regions of synoptic fluctuations, that is over the Indian ©cean basin in
the period of the summer monsoon processes of a varying scale simultaneously
participated in the mechanism of eloud cover formation; here a distinct
localization is observed in the fluctuations of a certain frequency range,

In winter in the Northern Hemisphere one can isolate four main regions of

maximum values (fig 1,¢) in the distribution of dispersion corresponding to
global scale fluctuations (Dp) .

The most significant of them is observed in the extreme southwest Indian
Ocean with the maximum over the Strait of Mozambique and Madagascar. The
second and third regions are located also in the Southern Hemisphere and
occupy the central and eastern near-equatorial water areas of the Indian
Ocsan. If one compares the examined localization of the centers of maximum
D, values with the position in this same period of the ITCZ cloud accumu-
litions (6], then it is sasy to note their almost complate coinecidence with
ench other., Thus, also in the Southern Hemisphers in the period of the

¢ immer monsoon the ITCZ cloud cover undergoes fluctuations with a perlod of
2-3 weeks, The fourth region of maximum D values is located in the Noxrthern
Hemisphere (winter) in southeast China. Iarge-scale fluctuations in the

cloud cover here are linked to the activity of processes on the polar front
which in the winter months in this region penetratss especially far to the

south, The amounts of Dr confined to the polar front region are close to
the D-values in the ITCZ region,
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Thus, the intensity of the polar frontogenesis is altered with the same
frequency (and even with the same amplitude) as the intensity of the pro-
cesses of macro-scale convergence of air mitreams in the Southern Hemlsphere
troples, This ocan cccur if in both hemispheres alternate intensification
and attenuation of the meridional wind components is observed that results
in aggravation both of the zone of convergence in the tropies and the fronts
of tempernte latitudes. It is noted in publication [4] that there are two
cireculation patterns in the atmospheres one--with strong meridional and
weak zonal alr streams, the other-~with intensive zonal movements and weak
meridional exchangs, Quasiperiodically +transition occurs from one pattern
to another, whereby the period is close to that examined by us, The

impression 1s created that we have succeeded in tracing this phenomenon in
the evolution of the cloud cover,
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Figure 2, Dependence of Difference in Phases (y) of Cloud Cover Fluctuations

with Period 14-21 Days on the Distance along the latitudinal
Circles

Key:
a, rad
b, northern latitude
¢, southern latitude
d. eastern longitude
8. ‘thousand kilometers

In the distribution of the amount D _ (fig 1,d) the maximum values, as in the
period of the summer Indican monsoof are observed in the near-equatorial

regions of the summer hemisphere, that is where the tropical depressions are
encountered most often in the northern winter [3]. The region of increased
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D values over Indochina can be linked to the development of disturbances of
a“synoptic scale on the polar front, In the extreme southwest of the
axamined region large D° values can be linked to ‘the penotration of indi-
vidual depressions from the ITCZ regions far to the south, and their re-
gonexation on the polar front,

Now we will examine the spatial-temporal structure of the global atmospheric
disturbances (T=14-2]1 days) that are reflected in the cloud cover variability,
The task was set such that with the help of a cross spectral analysis a study
was made separately of waves in the fisld of the cloud cover in the mexidional
and zonal directions, 1In the first cass the section bounded by the equator
and 5° n,l, was taken as the start of the reading from which the phase
difference was computed, In the second case the computations were made from
the maridional range 70-75° 6,1, The function of the phase difference was
computed for each five-degree squares the analysis used only the values with

coherence exceeding 0,58 (here the evaluation of the phase spectrum possesses
80% reliability),

Flgure 2 shows the results of the calculation for the function of phase
differsnce (1)) depending on the distance (for summer in the Northern Hemi-
sphere)., The valuss V) are plotted with regard for the cartographic pro~
Jeetion, Fluetuations in the cloud cover with period of 2-3 weeks have high
coherence at the points located at different distances from the start of the
reading, This is correct almost for the entire Indian Ocean basin--roughly
from 20° s,1, to 25° n,1, As is apparent on fig 2, the difference in the
phases does not depend on the distance, remaining close to zero, This
indicates that at all points the fluctuations in.cloud cover are synchronous,
that is simultaneous increase or decreass occurs in the amount of eloud cover
over the entire territory. The calculations of the phase difference showed
that to the south of 20° s,1, movements are observed in the cloud systems from
the west to the east, They are possibly linked to the formation of cold,
high-altitude large-scale troughs from the equatorial side of the western
migration of temperate Southern Hemisphere latitudes,

With the help of phase analysis a study was made of the waves of cloud cover
(vith T=14-21 days) in the meridional dirsction, It was found that on the
background of practically simultaneous pulsations examined above, the fluc-
tuitions in the cloud cover at the equator and above Hindustan and Tndochina
are in the antiphase (this phenomenon is more clearly manifest to the east
of 75° e.1.). This indicates the alternate activity of the processes on tha
northern and southern ITGZ branches,

T4 given conclusion is of great importance for predicting the intermittent
sltuations in the Indian monsoon and confirms the hypothesis of one of the

¢ uthors [5,6] that the maximum development of the monsoon cloud accumulations
in northern India is observed at that period when near the equator on the
southern ITCZ branch the cloud cover is almost completely eroded, and con-
versely, interruptions in the monsoon are linked to the maximum activity of
cloud formation processes in the southern ITCZ branch.
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The ealeulations made for the winter conditions of the Northern Hemisphere
ghow that to the west of 70° in ihe Southern Hemisphexe a high coherence is
observed between the fluctuations in eloud cover in the Junctlons of ‘the
grid, while the phase difference is close to zero, This indicates that over
the entire southwest section of the Indian Ocean and the adjacent reglons of
Afrieca a simultansous increase or decrease in the cloud cover is obmerved,
Thus, the results of & cross-spectral analysis indicate that large-scale
pulsations in the cloud cover oceux simultaneously over the entire territory
ancompassed by the monsoon circulation,

In conclusion we note that, desplte the fact'that the results are presented
only for 2 years there are grounds to consider that the noted periodicity

in the atmospheric processes manifest in the cloud cover is not a feature
exclusively of 1971-1972, bub is characteristic also for other years, This
is primarily indicated by the observed confinement of thase atmospheric
processes to the macrocirculation objects such as the ITCZ, polar front,

and others. The geographical loealization and intensity of certain oseil-
lations can be altered from year to year in accordance with the intexr-annual
variability in the general stmospheric circulation,
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PROBLEM OF DETERMINING ATMOSPHERIC VISIBILITY AS APPLIED TO AIRCRAFT TAKE-OFF
AND LANDING

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp. 57-61

[Article by Candidate of Technical Sciences S. L. Belogorodskiy, State

Seientific Research Institute of Civil Aviation, submitted for publication
13 Jul 78]

Abstract, The extant visibility terminology as applied

to aireraft take-off and landing operations is analyzed,

A classification of terms is suggested according to four
slgns, as well as the terminology based on it; the classi-
fication is convenient for individualizing the requirements
for'visibility range information during aircraft take-off
and landing, Suggestions are made for the most important
trends in work to measure the actual visibility range of

specific reference points used by the crew during take-off
and landing.

EText] One of the maln conditions for guaranteeing the safe take-off and
landing operations of aircraft is the correct determination of their
position in space in relation to the take-off and landing strip CTLS). The
fulfillment of this condition is attained by the crew's visual observation
of the TLS, and in a number of cases, also by approaches to it. Here the
maximum distance (range) at which the crew is guaranteed observation of the
TLS and the approaches to it, or the reference points marking them is the

most important characteristic of the meteorological conditions of take-off
and landing.

In the documents regulating the meteorological analysis of civil. aviation
aircraft flights and the extant literature on these questions diverse terms
are used to characterize these conditions: visibility, visibility rangs on
the TLS, meteorological visibility rangs, flight visibility range, etc,

In a number of cases different terms are used to designate the same concepts,

and converesely, the same terms are used for difference concepts,- This
concerns, in particular, the main term "visibility." Thus, in L3] and a

nunter of documents-regulating the meteorological analysis of civil
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aviation aireraft flights by visibility is meant the maximum distance at
which the day and night zeference poinis ave yisible (objects, Jight points).
In the IKAO terminology [5)] visibility is the posaibility, determined by
atmospheric conditions and expressed in units of distance, of geeing and
idantifylng noticeabls unilluminated objects during the day and notioceable
11luninated reference points at night, In Ll] it is indiecated in relation
to the toxm "visibility" that visibility range 1s meant by it, and so forth,
In & number of documents visibility and visibility range on the T1S axe

viewsd as similar concepts, Here visibility range is essentlally the meaning
for visibility [3],

There 1is no clearnsss in the structure of torms, definitions and use of the
terms, and the derivatives from the main term "visibility." Thus, for
example, the terms "vertical visibility" and "inclined visibility range

vary in structure, although in the given case the distinctive feature is the
direction of obssrvation,

Without dwelling further on a discussion and criticien of the extant texrmin-
ology we will move to an examination of the terminology we have suggested
that 1s based on a classification of terms concerning atmospheric visibility
as applied to the guarantes of take-off and landing operations,

The main term is visibility (visibility in the atmogphere)--the possibility,
determined by atimospheric conditions, of seeing and identifying distant

reference points (objects). The characteristic of visibility is the range

of visibility--the maximum distance at which reference points (objects) are
found and identified,

In accordance with the civil aviation documents currently in force under
conditions of limited visibility the crew has the right to land if by the
moment the decision making altitude has been reached reliable visual contact
has been established with the ground reference points to determine the
position of the aircraft in space in relation to the TLS.,

Therefore, in speaking of visibility range as applied to the take-off and
1~nding operations one should have in mind the visibility range at which

detection and reliable identification of the ground reference points (objects)
o.cur,

Visibility can be classified according to different signs, kﬁ applied to our

tasks of greatest importance is the classification according to the following
signs (fig 1):

--nature of observed refersnce points (objects);
--site of observation;

--direction of observation;
--time of day during which observation is made,

In the classification according to nature of observed reference points
the latter can be subdivided into nonself-luminous and self-luminous

(1ightd, The nonself-luminous reference points (objects) include artificial
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axial line), special
The self-luminous

points include single and group lights of constant and disorete

(flashing) emission serving to illuminate and maxk the TS, taxiing roads,
approaches and others, as well as lights (lamps) on ‘the meteorological

screens serving to determine the

visibility range,
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Figure 1. Classification of Visibility Texms
KOYi1, Vistbility of nonself-lurinous 9. Visibility in flight
objects 10. Visibility of self-luminous objects
2. Visibility dwring day 11, Visibility
3. Vislbility at night 12, According to nature of observed
L, visibility at dusk reference points (objects)
5. Horizontal visibility 12. According to observation site
6. Vertical visibility 14, According to observation direction
g. Inclined visibility 15, According to observation time
» Visibility on ground

We recall that the division of objects into nonself-luminous and self-luminous
reflects the basic differences in the physical and biological processes of
their perception by the human visual analyzer,

Depending on the observation site we note visibility on the ground and

visibility in flight.
ground one can disting
at the end of the TILS,

As applied to the specific observation site on the
uish visibility at the beginning of the T1S,
visibility at the nearest homing radio station, etc,

visibility

69

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

With respect to observational direction visibility oan be subdivided into
horizontal vertical and ineclined, In switohing to visibility range we
will speak of the range of horizontal visibility, range of vertical

visibility, and range of ineclined visibility (and not about the inclined
range of visibility),

Finally, with respsct to the time of day during which the obmervation is

made one can distinguish visibility during the day, at night and at dusk,

It should be noted that the classification of visibility according to the

time of day is conditional to a certain degres since the change in visibility
range according to time of day is linked to the change in brightness of the
background, At the same time, depending on the characteristics of the surface
on which the observed objects are located, the meteorological conditions at
the momant of observation (cloud cover, fog), time of day and season (posi-
tion of the sun on the celestial sphere), and other factors the brightness

- of the background can bve significantly altered.

The classification given above is convenient for individualizing the require-
ments for visibility range information for take-off and landing,

In order to implement take-off and landing the crew needs to have information
about the range. of horizontal visibility on the T1S that determines the
possibility of controlling the position and motion parameters of the aircraft
during its take-off run, touchdown, and post-landing run, Since the take-
off run and post-landing run can be carried out on the entire length of the
TLS, then the information about visibility should also cover the entire
length of the TIS, Howsver, taking into consideration the difficulties in
obtaining information along the entire length of the TIS and assuming that
the spatial variability in visibility on this section is not great one can

usually be limited to measurement of the visibility range at two-three TI1S
points,

During the landing approach in oxder to determine the position of the air-
craft in space and the parameters of its motion in relation to the assigned
. landing trajectory the most important is the inelined visibility from the
- arcraft cockpit, i.se,, the visibility in flight,

I.i order to make a decision on the possibility of landing the crew needs to
observe a number of reference points sufficient for this purposs,

It should be indicated at once that the concept "sufficient" number of
reference points is not unambiguous, In each specific situation the number
nf reference points that the crew needs to observe depends on the landing
“pproach conditions. Thus, from the research resulis it is known that in
srder to determine the position of the alrcraft and its deviations in re-
tation to the prescribed rectilinear trajectory it is sufficisnt to see
three-four lights on this trajectory, The extent of this section is less
than 100 m. However such a number of reference points can be acknowledged
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as sufficient only with comparatively small deviations of the airoraft
and low flight altitudes (30 m and less), In other cases & considerably
greater numbexr of refexence polnts may be nesded to evaluate the position
of the aircraft and the parameters of its motion,

The section of the earth's surface obsexved (or the reference points on it)
in the approach zone to the TLS 'depends not only on the visibility range, but
also on the characteristies of the field of view of the alrcraft pilots from
the cockpit, We also note that in order to make a decision about landing

the alrcraft commander is not required to see the beginning of the TLS, In
the existing minimums for landing the visibility range is computed such that
the pilot during the approach to the decision making altitude can see a cer-
tain number of lights or other reference points on the course of the TLS

axls in the approach zone,

Thus, for the conditions of landing minimums of the first IKAO category
1t 1s assumed that the pllot must see by the moment of reaching the decision

making altitude (60 m) the section of lights on the course of the TLS axis
extending 300 m,

In all take-off and landing cases under conditions of limited visibility
the crew needs information about the visibility range of specific reference
points that can be used to evaluate the position and motion parameters of
the aireraft, Thus, for example, during the take-off of an aircraft during
the day it is important to have information about the visibility range of
the TLS and marking of its axial line (with regard for the condition of the
TLS surface and marking) in the given specific illumination conditions.
Under night conditions it is necessary to have information about the visibility
range of the TLS lights and the axial line with the characteristics of the
lights that are specific for the given take-off conditions (degree of
brightness at which the lights are turned on). To make a decision about
landing it is necessary, first to have information about the visibility
range in flight of specific reference points in the zone of landing

approach (for example, at night--approach lights), and second, the
visibility range on the TLS,

As is known, currently the domestic AMSG [Air Weather Station of the Civil
Air Fleet] is measuring the visibility only on the ground in a horizontal
direction (range of horizontal visibility)., Here the meteorological
visibility range* during the day and the visibility range of a single light
(about 45 cd) at night are taken as the visibility range. This visibility
range is used as the visibility range on the TLS if the TLS is not equipped
with lights of high intensity (LHI), If the TLS is equipped with lights

of high intensity (TLS landing lights with light strength no less than

10,000 cd) then the visibility range of the TLS landing is taken as the
visibility range on the TIS,

" " "
:ggemgggmgor?ggg?rological visibility" and "range of meteorological visibility*
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Thus, only in the latter case the crews of alrcrafts are given information
about the visibility range of specific referencs points, In all the other
cases, as practical experience has shown, the crews receive information
about the visibility range that does not correspond to a certaln degree io
the actual visibility range of specific reference points, which has a nega-
tive effect on the regularity and safety of flights. As a consgequence of
this the search for the methods and means of determining the actual
visibility range of reference points used by the Grew during take-off and
landing of aircraft is an important task for improving the safety and
regularity of flights of civil aviation aircraft.

In order to solvé the aforementioned problems it is necessary to expand
the front of sclentific research and experimental design work, Currently
of greatest importance are the works to determine the range of inclined
visibility of group lights and markers, as well as certain others. Taking
into consideration that the information about the range of meterological
visibility apparently in the near fubure will remain the initial to
determine the visibility rangs of specific refexence points, it should be
acknowledged that it is important to perfect the techniques for observing
it with regard for the specific problems of the meteorological analysis of
aviation, as well as to develop algorithms for computing the visibility of
real objects along the TLS according to observational results,
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UDC 551,593

CONSIDERATION OF ATMOSPHERIC SPHERICITY IN CAICULATIONS OF THE BRIGHTNESS
OF THE DAYTIME SKY

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 62-65

[Article by V. Ye, Pavlov, Astrophysical Institute of the Kazakh SSR
Academy of Solences, submitted for publication 2 Aug 78]

Abstract., Results are analyzed from measurments of the
brightness of the daytime sky in the 340-360 nm near-
ultraviolet spectral rangs with large solar zenith angles,
Observations were made under steppe conditions with good
atmospheric transparency. It is shown that the replace-
mont of secants of solar zenith anglss and the observed
point of the sky by appropriate atmospheric mass values
nakes the theoretical brightness values computed for

the plane-parallel model closer to the real, Such agree-
ment exists all the way to the onset of ultraviolet dusk,
when the solar disk disappears on the veil background
created by multiple-diffused light, '

Eraxt] -In solving a number of practieal problems it often proves necessary
to know the brightness distribution over the daytime sky in the ultraviolet
spectral range when the solar zenith angle exceeds 80°, Making such obser-
vations is a fairly labor-intensive process and is linked to the designing
of special apparatus [1]. Therefore the natural question arises as to the
possible use of some approximate formulas or tables to evaluate the back-
ground of the descending diffuse radiation. The majority of them have been
derived and computed as applied to the case of the plane-parallel atmospheric
model, If its optic thickness T is not great and the brightness of the sky
is mainly governed by primary light diffusion then the simplest method for
considering atmospheric sphericity is replacement in the formulas of single
diffusion of the secants of solar zenith angles Z. and the observed point of
the sky Z by the appropriate valuss of atmospheri¢ masses my and m [?,lO].
In a number of cases such an approach is completely justified [5,9]. How-
ever the plane-parallel model of the atmosphere is often used also in compu-
tations of the intensity of multiple-diffused radiation [8;12]. This work

covers an examinatlon of the question of how permissible such approximations
are with large ZO.
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Analyses were made of observational data of the brightness of the sky I in
the 340-360 nm spectral range obtained on a quartz spectromster [1]in
the steppe near the settloment of Kirbaltabay in the Alma-Atinskaya oblast
in the summer of 1973 and 1976, The uniform underlying surface with low
albedo value [6 and open horizon made it possible to measure the amounts

I in units of S (#S--spectral solax constant) all the way to Z y 2< 89° [3].
At the same time the spectral atmospheric transparency wag detgrmined and
the stability of its optic properties was controlled EZ,?].

Initially for the zenith angles Z,, Z< 75° when the manifestations of atmo-
spheric sphericity are insignificgnt, a comparison was made of the experi-
mental values I and the theorstical T computed on the assumption of a plane-
parallel homnogeneous model with sphertcal indicatrix scattering [11]. In
order to awold the effect of the indicatrix factor the scattering angle @
was taken as equal to 60° [6], Tt was found that T and I. on the average
agree falrly well among themselves if the albedo of single diffusion of the
mediumwis taken as fluctuating from 1,00 to 0,98, The latter value mainly
characterizes the atmospheric conditions in Kirbaltabay in 1976 where as
comparsd to 1973 the dust content rose noticeably as a consequence of soil
erosion. Therefore in the further calculations of T with laxge Z, and 2

we used that spacific valus of @ that satisfied a whoie series of observa-
tions of I with small Z, and Z, The differences in I, for ¢©=1,00 and @=
0.98, generally speaking, ars small, For example, in“the solar almucantar
Zy=2=88.,3° with T=1,00 the I 4 respectively equal 0,0039 and 0.0036,

The role of the multiple effects in the formation of the fleld of descending
diffuse radiation thatincreases with a rise in 2. and 7 alters to a consider-
able degree the pattern of brightness distribution over the sky [3]. It is
possible that the shape of the distribution curves is affected also by the
atmospheric spherieéity, Therefore it is necessary to preliminarily analyze
the observed angular relationship of I in different almucantars so that the
comparison of I with the calculated values I, is Justified, Examination of
25 distributions of I (y) with respect to ths azimuth angles Y read off from
the sun demonstrated that with Z >B5° for each specific day the type of
function 1(¢)/I(90°) changes 1it¥le with variations in Z from 10 to 899,

As an example figure 1 gives such curves for Z=80, 20 and 10° in two spectral
sections, It is not very likely that their asymmetry is a consequence only
of the indicatrix effect, If Zo=8?;h° and Z=10° then the scattering angles @
corresponding to the azimuths 0”and 180° are 77,4° and 87.4°, Then with
values of the molecular T, and asrosol T of the optic thicknesses 0.527 and
0.185 that occur in the 380 am spectral region (fig 1) the summary indicatrix
of scattering £(@)=f_ (®)+F.(?) even in the case of single diffusion of light
in the range 77.4°< @< 87.&9, cannot be altered 1,5-fold for any type of
distribution of particles with respect to sizes, Most likely the type of

relationship I=I(y) is governed to a considerable degres by the atmospheric
sphericity.

Based on the aforementioned, with Z >85° it is best of all to determine the

welghted mean of I for each almucangar Z2>10° not from the scattering angles L
but from the azimuths as
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It follows from the observations that W.=60°, A comparison of the observed
brightness I with the theoretical I, computed from tables [ll] on the

assumption of the spherical indicat%ix of dlffusion was made precisely for
the azimuth angles 60°,
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Figure 1. Amplitude Relationship of Relative Brightness of Sky in Spectral
Region 360 nm(1,2) and 340 nn (3,4)

Key;l. zo=88.3°; z=80° L, 2z .=87,40: z=10°
2, 2.,=85,9%; z=10° 5. dgg
3. zo=85.6°; 2=20°

Previously we had already compiled experimental values of I with theoretical
I, computed in the plane-parallel approximation [3] It was shown that in
tit{e solar almucantar with Z ~89° the discrepancies between them on the average
reach a two-fold amount, whéreby I>I.. Now, following (7,8,10, 12], by
using the theoretical values I, we w?{ll understand by sec Z, and sec Z the
atmospheric masses m, and m. §uch an approach signiﬁcant19 improves the
convergence of I and I, which is indicated by the data of fig 2, The points
lie falrly well on the straight line whose angle of slope to the x-axis is
k50, Finally, the amounts T colncide well with the results of solving the
equation of transfer of radi&nt energy in a heterogensous spheric atmosphere
with real ihdicatrix with consideration for its polarization properties,

Euch calculations using the Monte Carlo method were made by M. A, Nazaraliyev

» The values of intensity It in the solar almucantar with@sys=60°,
T=0.9 and ®=1,00 are given in “table 1,

There is hardly any physical sense in such a replacement of secants of
zenith angles by the atmospheric masses since the brightness of the sky with
large Zg, Z is mainly governed by multiple-diffusion of light. It should

be viewsd simply as a convenient empirical approach that improves the con-
vergence of I and It'

75
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

uIr
40f
¢ i .0 - x _

~10F N : :

‘..’8 ) A3

- o4

» |8° '
T ' 1 | ! )
2% T 10 4l

Figure 2, Comparison of Observed Values of Brightness of the Sky I (60°) in
Solar &1,33 and Other (2,Ll-g Almucantars with Theoretical I 4 With
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Figure 3, Function H(lp) from Observations in Steppe
Tn order to compute the intensity of the scattered light in any point of the
-%y with Z,>80° the amount I, should be multiplied by the function H (y)=

(y) /I(60°9 that takes into consideration the azimuth relationship of bright-
ness. Its appearance with the mean values ‘DR=0.60, “GD=0.25 and Z> 10° with
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- Table 1,
- J/ .
- (1 —
Z. tp)ﬁ my " Z MOKNI 2)
0r82C 20 | “Rapo

86 10,4 0,019 0,021

88 19,8  0,0076 0,0073
_ 89 27,00  0,0054 0,0053
- Koys

1., degress 2, Monte Carlo

the corresponding zoot-mein-square deviations is depicted in fig 3. With
the subsequent reduction in the zenith angle of the obsexved point Z the

asymnetry of curve H(}) drops, and for calculation of the brightness of the
sky at the zenith one can assume that H(y)=1l,

Such simplest semi-empirical methods of computation, in addition with those
previously proposed [l&,6 can prove convenlent in practice if the mquired
accuracy of evaluating the intensity is not greater than 25%.
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UDC 551,465,11

INFLUENCE OF THE BOT'TOM RELIEF ON THE GEOSTROPHIC MOTION OF A STRAT IFIED
ZONAL FLOW

Moscow MEI'EOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 66-71

[Article by Candidate of Physical and Mathematical Sciences V. F. Kozlov,
N. A. Kropinova, and M, A, Sokolovskiy, Far East State University, Pacific

Ocean Oceanological Institute DVNTs of the USSR Academy of Sciences, sube
mitted for publication 9 Oct 78]

Abstract, The problem of the interaction of the geostrophic
zonal flow with disturbances of the bottom relief in the form
of an axisymmetric underwater hill and an infinite mexridional
range 1s solved numerically, The role of stratification and
velocity shear in the approach stream on the structure of the
topographical eddies formed in it is clarified,

[Text] Analysis of the current measurement results in the ocean lead to the
conclusion that the irregularities in the bottom reliefaffect the spatial-
temporal variability of circulation (see, for example, publication 5] and
its bibliography). In this respect it is important, in particular, to

examine the problem of the interaction of a large-scale current with isolated
bottom disturbances,

This article is a natural continuation of publications [1, 4] that were
carried out in this direction in the framework of a model set-up based on
the theory stated in [3]. Thus, in (4) the example is examined of a
zonal kinematically uniform linearly stratified flow running against an
obstacle in the form of an axisymmetric underwater hill, [1] studies the
dependence of the vertical structure of topographical current disturbances
on stratification and shear (constant) of the approach. stream velocity,
Below an examination is made of the most general case of velocity distri-
bution according to the parabolic law, and the rasults are discussed from
numerical calculations of the flow characteristics over an underwater hill

and over a meriocdional range in cases of shearless flow and a linear velocity
shear with hyperbolic density distribution [2].
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Following publications [1,3,4] we write the main squation

Q) Sit = Qi 8: — Qi Se=0, (n
which must be integrated with the a.dditiona.}“ gonditions
S|:=0~=0| Sl:___\n-—-Q,“ ‘2)‘
Q (0» Iy :) = (n, &), » (3)'

where the functions Q(§ ,7m,f ) and S(E ,n, $) are linked to the hydro-
dynamic pressure by the correlations

P=082+"ghH*Q, S=bf(Qz—CQ:)d:. , 4)

H (x, n 2 v )
while t=In —-(ﬁxm—y’, 1=In —g(—.&. = F‘&m --dimensionless variables,

Here H(x,y) andQ(y) designate the assigned depth of the ocean and the
Coriolis parameter, while the asterisks mark the corresponding characteristic
amounts, The components of velocity and density are expressed by the
functions Q and S according to the formulas

u=-—(TH,S: + PQ,), v=TH,S, w=PH,>, p=p+RQ, (5

whexe T=i"gH" (9,2 H)=', P=3*gH*Q, (s, 2%)~!, R=4* H* H-!, while 0, 2nd ze
designate the mean density and characteristic disturbance of density, From
the first two correlations (5) it is apparent that T and P are the coeffi-
cients with topographical and planetary horizontal velocity components,

We adopt condition (3) in the form

O == {1rn L—nG—nl-

1+ ar L
Ll n+ T+ - ®
where *=0'2H*Q, (0UQ*)~".  Thig corresponds to the following distribution

of characteristics of an undisturbed stream (with HeH*):
u=—PQ=U{141,[{—uC-1l, v=w=0," (0

sl t—1 &n ! ' .
p=%+5{r;ﬁ+h—7—bﬂC—ﬁ%—74- ®

The problem (1)-(3) was solved numerically accoxding to the difference
scheme briefly stated in [3].

80
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

)|

FOR OFFICIAL USE ONLY

Correlations (7) and (8) make it possible to trace the interrelationship of
the fields of veloclty and density (following fxom the initial equation
system of the theory of the "ideal" thexmocline [3]) in the region with
level bottom, By mssigning the density distribution we will predetermine
at the same time the zonal flow structure, Howsver, foxr greater clarity
wo will here, by assigning with the help of coefficients y, different
vertical profiles u, determine from (8) the corresponding éhanges P At
the same time we will discuss the results of several variants of numerical
computations of the topographical component of velocity S, and vertical
velocity S presented in figure 1 for €= ~0.1,M=0 (which corresponds to H=
0.9045 H¥*, Q) =(2%) and U> 0,

If the velocity has a constant shear, i.e., y, =y.=0 (this case is examined

in (4], then the vertical structure pdoes not"depend on the kinematics of

the flow, and the density field can be zonal, while precisely P=P=P|, Zot et
=

where P* = 1, UQ? const. Density pl Y =g C3n be an arbitrary function of the

vertical coordinate; here we have addpted the hyperbolic distribution [2].
The parameter 4>0 characterizes the degree of deviation of the density pro-
fils from the linear; with 4-50 we will have a linear distribution, whils with
y-=w we obtaina barotropic_ligquid with p=¢,.* In the numerical experiments we
assigned to ¥y the values 103,10"3 and 10; by analogy with [:1:] we will condi-
tionally call these three cases "barotropic," "linear," and "hypsrbolic"
respectively.

20

Figure 1, Profiles of Vertical Velocity S and Topographic Component of
Horizontal Velocity S¢ in "Barotropic" (a), "Linear® (b) and
"Hyperbolic" Cases.

Velocity of the undisturbed flow has parabolic distribution (7),
Numbers 1,2 and 3 refer to values y3= -0.1; 0; 0.1 respectively,

*
This is true only with yz=0.
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If yly‘o and ¥, 40 then the velocity profile He=H* becomes parabollc, whereby
the slze of i%s deviation from the linear is characterized by the product
Yq¥or A linear term appears here in the density distxibution, and now

P=Pz =F+m‘§- Consideration for the parameter ¥., results in a change in
the depth of occurrence of the veloclity maximum of @he approach strsam
(this depth also depends on y,s ¢ = —y, +_§.‘?;_), and in the density field of
(8) here we make yet another addition of the zonal structure and obtain

p=p+Tup"

Nl

\

i
SR
S

¥
N

1

/

\

3
]

x\.f

N

/

)
]

W0 %86 Werh ZIWR0 2W%QE W

Figure 2, Isobars--Current Lines of Horizontal Motion over Underwater
Hill of Type (9) in "Barotropic" (a), "Linear" (b) and "Hyper-
bolic" (c) Cases for Kinematically Uniform Flow., On the left
side of the figure U>0, on the right U<D,

-~

It is apparent on figure 1 how the topographical velocity reacts to all these
thanges: with an increase (decrease) in the deviation of the planetary
velocity profile from the linear, as well as with the elevation (deepening)
of ¢ the intensity of the topographical movement is attenuated (inten-
sifiga¥ at all levels. Such situations are also possible where the topo-
graphical velocity alters its sign (b, II; ¢, IV); this corresponds to the
different directions of vorticity in the upper and deep layers, Attenuation
in the topographical motion is always linked to a reduction in vertical
velocity.
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In contrast to the case examined in [1] of a constant velooity shear for
the current model in the majority of the examined cases it 1s characteristic
for the topographical velocity model to be present on a certain intermediate

level,
We will examine the example of a kinematically uniform flow (y =0) zunning
agalnst an underwater axisymmetric hill for which the bottom r&lief looks
like
o =k SN e ?
H(x, y)=H* h(l e )‘ £y LY

We assume H*=l4 km, 1#=100 km, h=0,025, |x|=

effact of the stratification parameter ¥ on the dynamics of +this flow,

9
IR YA ®

(

%)’, Plgure 2 1llustrates the

Here

and on figure 3 due to the symmetry only the right half of the pressure field
1s presented; the dotted line marks the external boundary of bottom relisf

disturbance,

\

N

g
2/H%0 2/h%g6

Figure 3.

right U< 0,

const (not given here)

Isobars of Horizontal Motion over Underwater
Type (10) in "Hyperbolic"
with Constant Velocity Shear (b).

I

\

N
N

ai=—lvgdersy
WS th W0 H%06  Heth

Meridional Ridge of
Case for Shearless Flow (a) and Flow
From the left U> 0, from the

The calculations show that in the "barotropic" case (y=103) the motion is
practlcally two-dimensional, therefore isoburs are presented on the figure
only of one level z=0 for the easterly and westerly flow directions, The
differ very 'insignificantly both from each other, and from the curves QH 1=
coineidin
A P=po from (4) and (2) Q=0Q(y

g with the isobars for a uniform liquid, since
—§)=Q {In[QH*(Q*H)-1]} evidently follows.
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Figure 2b presants the isobars for the surface, lntexmediate and benthic
levels in the "lineax" case y=10=3, They actually are identical to the
corresponding lines on figures 2 and 3 of publication [4] where 4=0 is
assumed, Over the northern slope of the hill a cyclonic (anticyclonic) eddy
is formed whose intensity attenuates (intensifies) with depth for the
pasterly (westexly) flow, By comparing this figure with figure 2c we note
that in the more rsalistic "hyperbolic" case the vertical structure of the
eddy formation forming over the hill has ‘the same, but not as pronounced
nature, A comparison of all three series of this figure results in the con-
clusion that stratification has a considerabls effect on the dynamics of

the eddy topographical motion, This influence is manifest as follows: with
an increase in the deviation of the density profile from the lineax the
intensity of the eddy motion attenuates in the upper and intensifies in the
lower (intensifies in the upper and attenuates in the lower) layers for the
sasterly (westerly) flow, mo that in the limit barotroplc case it becomes
constant with respect to the vertical,

In the following example a study is made of the sffect of the velocity shear
of the approach stream on its eddy disturbances with motion over a meridional
ridge in the form

(1—n(1 =2V |x|<Lo,
H(x,y)=//*{ (1-5=) 1ol (10)

1 |x|> L

Here the amounts H*¥, h and L¥ are the same as above, Figure 3 presents the
isobars for the levels zH*‘1=0; 0.6 and 1-h in the "hyperbolic"case. Figure
Ja illustrates the behavior of the isobars (lines of current) of a shearless
flow, and figure 3b-~the flow for which the coefficisnt of linsar shear
equals -0,6, 1In both cases the current meeting the underwater range is
deviated in the southeasterly (southwesterly) direction with U0 (U<D), while
passing over the ridge it alters direction to the northeast (northwest), and
again becomes zonal immediately after the ridge. A somewhat different be-
havior of the isobars is observed in the benthic layer in the presence of a
velocity shear when in the peripheral section of the region over the ridge
a shift occurs in the sign of meridional velocity; this is explained by the
fact that with a rise in the velocity shear in the approach stream and with
a reduction in the relative depth HH*=1 the topographical velocity S, is
attanuated with depth, and even can alter its sign in the benthic layer (fig
2 in [1]), and consequently, alter the sign of ¥ as well (see expression (5)).
For the kinematically uniform easterly flow, as in the previous exampls, the
N vorticity is attenuated with depth; in the case of a westerly flow the ver-
tical change in the eddy movement occurs nonmonotonically: its intensity
rises with depth from the surface to a certain level, and then insignificantly
attenuates. In the presence of shear velocity both for easterly and for ..
westerly flows the amount of vorticity rises with depth, while the intensity
ol motion attenuates. The rise in vorticity with depth is explained by the
fact that the topographical eddy component of the horizontal motion Sg
diminishes slower than the planetary component Qﬂ’
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The given examples convince one of the importance of considering the
vertical distributions of density and velocity of a geostrophic zonal flow
in studying the eddy motion occurring in it over the disturbed bottom relief,
and also make it possible to note the laws illustrated above governing the
corresponding transformations of a disturbed flow, Further studies in +the
case of bottom topography of the examined scale must, in our opinion, be
based on a more general quasigeostrophic model,

3.

5-
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UDC 532.5+556,535.6

COEFFICIENT OF TURBULENT DIFFUSION OF SEDIMENTS AND CAICULATION OF THEIR
CONCENTRATION DISTRIBUTION IN. A FLOW

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 72-86

[Article by Candidates of Physical and Mathematical Sciences S. M. Antsyferov
and R. D, Kos'yan, Institute of _Oceanology, USSR Academy of Sclences, sub-
mitted for publication 4 Sep 78]

Abstract, The goal of the work is to perfect the method of
analytically describing the distribution of suspended sedi-
ment concentration proposed by the traditional diffusion
model - for a stationary forward flow, Reasons are examined
for the discrepancy sizes of coefficients of turbulent
particle diffusion and turbulent liquid mixing, Based on

the introduced ideas and a generalization of the experimental
material an expression is compiled for the sediment diffusion
coefficient that takes into account peculiarities of particle
behavior in the benthic flow region, The obtained expression
that comprises the foundation for the desired solution is
also experimentally confirmed,

[rext] Movement of suspended sediment is an important component of the
dynamics of the river bed evolution, A considerable portion of the solid
rn-off of rivers in the suspended state is carried out to the shore zons of
the sea in whose dynamics this form of movement also plays a very important
role, The suspended sediments made a considerable contribution to the
formation of reservoir patterns and to the transfer of detrital material

on the entire continental ocean shelf,

One of the main problems of suspended sediment dynamics is the problem of
the vertical distribution of particle concentration in a uniform steady-

_ state forward ."iow. The solution to this problem is not only the first step
on the path to determining the flow of sediments transported by ths current,
but also the foundation for compiling analogous solutions for the conditions
of wave and mixed (waves on current) flows,
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The lack of a detalled description of the turbulent structure of "clean"
water flows (without foreign inclusions) and the shortage of information
about the interactlon of solid particles with a liquid and among themselves
do not yet make it possible to involve comparatively accurats mathematical
models for the corresponding constructions [3, 7]. Usually less strict
solutions of the diffusion theory are used for this purpose, Here a number
of stipulatlons are introduced that significantly limit the application of
the obtained solutions, However, the information that has besn accumulated
by now, as 1t seems to us, already permits certain limitations to be re-
moved by putting in their place an evaluation of the effect of the corres-
ponding fadtors, This work has set the task of revealing, based on
éxperimentally obtained information the main factors that affect the diffusion
of particles, and of introducing certain physical ideas about this process,
On this basis, by generalizing the experimental material it is proposed to
improve the solutlon of the diffusion model for a stationary flow having
thus expanded the boundaries of its applicability,

For the ca$e of a uniform planar flow without cross currents and with a

steady-state distribution of turbidity the equation of turbulent diffusion
looks like

S
(B8 L ws(z)=0, (1

where z--vertical coordinate directed upwards from the bottom;

S(z)--value of concentration of suspended sediments on level z averaged
with respect to time;

Ey--coefficient of turbulent diffusion of sediments;
&--sinking velocity of particles.

The solution to equation (1) is the expression

\

$(2)=S, exp <—m 5:455_ . @
s

where S --value of concentration S(z) on fixed level z=c.

In order to determine the absolute values of the concentration, evidently,

one should have the value of this amount on some known level (for example,

the value of benthic turbidity), For this purpose usually the path of its

direct measurement is suggested since the available empirical relationships
are reliable only in a very narrow range of conditions,

The distribution of relative concentration of suspended particles with
respect to the vertical flow is determined by the coefficient of type ES'
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Further, the ameunt £, is usually 1dentified with the coefficlent of: turbu-
lent mixing of a liqugd (g,) that is determined by the law of distribution
with respect to the vertichl of the averaged horizontal flow veloclity. The
traditional assumption €= E,, evidently, denotes the introduction of a
number of limitations on”the’ corresponding solutions.

The solutions formulated in the framework of this assumption have besn
analyzed by us in publication [4], where it has also been shown that the
most precise is the variant based on the law of distribution of velocltles

suggested by I. K. Nikitin [6], For this case the amount &y is defined as
followss

viz (1—zH)

— o : 3
qw = TB U,z 4 10,7 v )

whexe V,--dynamic velocitys
H--depth of flow;
- y--kinematic coefficient of liquid viscosity.

Tn the case of low liguid viscosity, when the contribution of the amount
15,7 v can be ignored, (3) switcheg to an expression that differs from the
widespread formula of H, Rouse [12] for £,, only by the value of the Karman
constant equal to 0,36 in this case. Expression (3) differs most signifi-
cantly from Rouses formula on the flow surface where it yields finite values
of concentration while Rouses formula yields a hypothetical zero valuse.

Such a traditional approach does not consider a number of factors and it is
not always justified to ignore them, We will examine the main, from owr
viewpoint, reasons for the discrepancy in the amount &S and Ew.

1, It is known (see, for example, [5 ), that the coefficient of diffusion
of a "trace" passive admixture (€ can already differ from E.W as a
consequence of the fact that the f§rgt is determined dirsctly by the mixing
of the 1liquid mass, while the second, characterizing the continuous medium,
can be determined also by pressure pulsations. Thus, § 0 &,.. However,
the discrepancy of these amounts is not great and fumthgt formulations hexre
will be made without considering it.

2. A part of the pulsation energy of the flow is spent on suspending and
maintaining the particles in suspension. On the other hand, the particles

- that are suspended but break away from the ligquid are a certain lattice placed
in the liquid that apparently is alsoc capable of making distortions in the
fine structure of the flow, Due to these reasons the frequency spectrum of
turbulence can be deformed, Thus, the coefficient of mixing a liquid with
suspension aW(S) can differ from that for clean water, i.e., &w(s)f Ew.

And since the effect of these factors rises with an increase in concen-
tration, the greatest distortions will evidently occur in the benthic reglon.
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3. The energy of the turbulent pulsation vertical components responsible
for movement of particles rises from the bottom to a certain level 2y
(according to [65 2, =(0,18-0,20)H) above which it is altered little,
Generally in the beﬁthic region only part of the turbulent pulsations

the latter practically completely repeat the movements of the surrounding
volumes of liguid, Corrsspondingly, precisely here the greatest time lag
of the particles will be manifest and the discrepancy between the amounts
Esand E‘W‘(S) will be the most noticeabls,

The energy of pulsation movement rises the farther from the bottom, as a
consequence of which there is a reduction in the discrepancy betwsen the
values ¢, and ‘e Generally above a certain level 7z < z  the particles
will str§ve tog%ﬁow practically all the components oﬁmgulent movement
of the liquid, Judging from the results of the experiments of V, Vanoni and
G. Nomicos [:11;] the value z_ depends not only on the hydrodynamic pattern

Eivide% into zones called ths benthic region-afd the main mass of the flow
1,2,4],

4, Finally, the irregular bottom is also a factor of turbulization, The
- energy of turbulent pulsations developing as a consequence of the botton
irregularity has the maximum values on the upper boundary of the turbulent
boundary layer, and rapidly is reduced to zero in its limits (see, for
example [11ﬁ). It is also reduced fairly rapidly above this boundary,
Instrument measurements of the concentration in the limits of the boundary
layer have not yet been successfully made. In the subsequent presentation
we will make a reading along the z axis, strictly speaking, from the upper
boundary of this layer, sincs we exclude from examination the processes
occurring in direct proximity to the bottom. As compared to the depth of

the flow the thickness of the boundary layer is negligible, therefore it will
fiot figure in the further formulations,

Analysis of the works on the covered questions shows (see, for exampls, [47])
that due to the Qifficulties in setting up physical studies of such type the
available results are incomplete, not always reliable, and in certain cases
are debvatable, Thus, the question of the correlation of amounts ¢ and ¢
that is basically important in order to expand the applicability o§ the "
diffusion model is solved by introducing cne [8,9] or two [10] coefficients
of proportionality, Here the possibility of changing this correlation with
a reduction in absolute values €., (for example, as one approaches the bottom)
or with a changs in concentration is imr no way considered. Therefore for g
a further analysis we will involve the results of an empirical generalization

of the experimental material with respect to the distribution of suspended
particle distribution,
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Publication [2], based on ideas about the two-layer model of the suspension-
carrying flow has suggested an expression to describe the vertical concen-
tration distribution over the entiﬁi flow mass in which the isolated
variant of the diffusion theory--S-~(z) 1s supplemsnted by the empirical
relationship for the benthic region--gi(z)

S@ =S (9 + 8" (5 =5, exp { - 0083272 £ (25)] "

yi \dy=—w

o5, o0 -2 4 B i 25

O TY ) 2

where Sc and SC --valuss of function S(z) on fixed levels z=c., and z=c2;

1 2 here c_ is selected without fail in the ben%hic region
of the“flow, while c,--in the main mass (above 0,3 from
the bottom);

Pandﬂ_ --density of liquid and solid particles respectively;
g~--acceleration of free fall;
up~-benthic velocity (velocity on level of upper boundary
of turbulent boundary layer),

The obtained expression made it possible to compute the distribution of
particles over the entire mass of a uniform steady-state forward flow and

withstood verification well with respect to all the admissible materials of
laboratory studies,

At the same time the two-layer model is not free of a number of significant
shortcomings. First of all this is the presence of two norming multipliers
and a certain indefiniteness in the instructions in relation to selecting
the points for measuring the values of the norming concentrations.

Ve will attempt to construct a solution to the diffusion theory with the same
range of applicability as the two-layer model, but without its shortcomings.

Taking into consideration the considerations stated above, we will look for

a solution, assuming that in the zone of operation of the traditional
diffusion model in the main mass of the flow the discrepancy in the amounts
£oand € W can be lgnored. We will attempt to consider the benthic region
wi%h the help of a certain multiplier ¢ that equals a unit above z_ and
approaches zero as it approaches the bottom. In addition, the valles o

must depend on the sinking velocity of particles and the hydrodynamic pattern
of the flow, since the level above which the classic diffusion scheme is
applicable is located .farther from the bottom the greater the sinking velocity
and the lower the dynamic velocity, Generally one can write that

%
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=a(w, v, 2, H) (5)

In the benthic region as a consaquence of the bottom irregularity additional
turbulization develups that also makes a definite contribution to the sus-
pension and movement of particles in the suspension, Generally the coeffi-

x clent of additionsl mixing ¢ dopends on the properties of the particles and
the liquid, distance from thd bottom, parameter of bottonm irregulanity, and
benthic velocity of flow, Thereore we will Arite it thuss

3, =3, (0 fn oYy ow U 2, 3, (6)

»

where 8--mean linear size of projections of botton irregularity,

¥ith 220 the amount & is completely determined by the bottom irregularity
and becomes equal to ¥,, At the same time in expression (4) at the bottom
the contribution to th§ value S(z) o the second component as compared to the

first can be ignored, Then it is easy to obtain the value 5'6 0 with e~0,
Assuming !

S0 =S, ex AN ~ 0,083 (=t
=3, "(““’STo =S, exp [ ~0083(22t)
\ €

211/3
x[-,’i-(-u;é;)] (=), ™
Vo (U= w)2 N
We obtain %0 = T8 (??f—r) [ ué ] ) ®

e, =¢, 0 f(2 3). (9)
Now we will express £, with regard for the introduced concepts ¢ and Eog
g =2 (v, v, 2, %) e, (10)

By assuming expressions for ¢y according to (3) and having used the considera-
tions of dimensionality, we réwrite (10) as follcws:
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E 2 )
_ vf:"(l“‘?') a(."'_’ _E.)+ o X
H=7F Vg 2+ 10,7 ¥ W' H U,U83 (pr=p)

(5 wmalf () z

U‘ !
and f(z/8) was made by us according to the data on the vertical distribution’
of sediment concentration obtained in experiments [1,13]. For this in wach

case with fixed w, v, and § the experimental values of Es(z) are detexmined
as follows,

The selection of classes of functions approximating the relationships a(—“’— 7’-{)

After differentiating expression (2) with respect to z we obtains

P i N

S ~ dz == @ (12y
From here
w S
‘S (Z) =2 - —ds%)—-. “3’)

ds

The approximate valuss are found from the smoothed experimental curves S(z)

as;(z) _ 1 [ _Si(z40=3Si(z) Si(z) =Sz 14
d: <7 2—2 + 7=z (4

Here the index i designates the number of the fraction, while j--the successive

number of level, the farther from the bottom, at which the values Si are
taken,

The found serles of values &, made it possible to search for the following
completely satisfactory apprgximationss

2 (% )=t (%) (5
fF)=ex0 (- F) (16)

Wi*h regard for (8), (9), (15)and (16) one can write:

o’:’(l ~--L) v, 2 ? Vo (g = w)? T3
L] H — ——
e L (%%) + wowrtrms [ X

N I TN 4
X exp (--{-) a7
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Table 1, Comparison of Calculated and Experimentél Values of Goefficient
of Turbulent Diffusion of Particles

z teno &Jl){e (17)] ¢ no «Hg @)ftgno \:‘25
I’ ‘songsoe i on'wgoe iy onumoe('B‘)'
0,06 0,74:0,05 1,40:0,10 1,67::0,12
0,08 0,93:0,06 1,741:0,12 2,11::0,15
0,1 2,89::0,06 1,49:£0,10 1,87:0,11
0,18 1,00::0,08 1,69:£0,08 2,21%0,1)
0.2 1,16::0,08 1,66::0,08 1,98::0,10
03 1,41:£0,08 1,62::0,08 2,16::0,00
0,4 1,42::0,08 1,61+0,08 1,950,090
05 1,36:0,08 1,40:£0,08 1,89:£0,08
06 1,30:£0,08 1,32:0,08 1,96:0,09
07 1,24+0,08 1,25:0,08 1,790,090
(l&) 08 1,14:+0,08 1,140,08 1,47£0,10
Cpeatiee ho
aceM ropit- 1,16%0,07 1,46:0,06 1,92+0,07
30HTAM
( 5) Cpeztee no .
AATH NepabM 0,960,07 1,67£0,06 1,97+0,09
rOpH30itTaM

Key:l' according to formula

2, according to Rouse

3. experimental

L, Mean for all levals

5. Mean for five first levels

In order to illustrate the comparability of the amounts obtained directly
from data of experiments and according to formula (17) table 1 gives the
ratios of these amounts, averaged with respect to the data of all involved
measurements for the selected lsvels, For comparison this same table gives
the same correlations for the case where the amount €. is taken as equal to
eng. which in twrn was computed according to Rouses i‘sormula.. The table also
indicates the errors in averaging the ratio E’S, caleul es,measu:r according
to the data of all experiments. The lower line of the table shows the
values averaged with respect to all levels.

It follows from the data of the table that the found expression is in better
correspondence wiih the experimental data than others, An especially good

coincidence of the measured and calculated amounts 1s observed in the benthic
region of the flow,
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By substituting (17) into (2) we obtain the sought for expression that
describes the relative distribution of conecentration of suspended deposits
with respect to the verticals

o sf iz
P01 (] o v,
P v, & (1 — 2/H) 'h(_‘,:_
Eug "#z*'l"ii v

b

S(z):Scexp{—
) +

(18)

- ; T e TR }
+T&ml-g—[“(“n “')I} e"p( T)

Equation (18) is easily integrated by the numerical method. The values com-
puted with respect to (18) agree well with the values obtained accoxding to
formula (4) that was_previously verified according to all the available
experimental data [2]. However, hexe the found expression is free of +the
shortcomings of the two-layer medel and provides a physically more substanti-

ated description of the behavior of particles in the benthic region of the
flow,

1.

2,
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UDG 532,543

ANALYSIS OF TURBULENGE SPECTRAL CHARACTERISTICS WITH RIDGED ROUGHNESS OF
THE BOLTOM

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 80-86

[Article by N. A. Melekhova, All-Union Scientific Research Institute of :
Physicotecjhnical and Radiotechnical Measurements, submitted for publication
18 Dec 78

Abstract, A study is made with ridged roughness of the -

bottom of the characteristic groupings of extremum values

of spectral density functlons marked by increased drops

both in frequency and in the value of spectral density.

The hypothesis is advanced that the observed drops deter- -

mine the boundaries of the eddy structural formations

existing in the flow, A similar distribution pattern is

noted with respect to the flow depth of Euler scale tur-
bulence, and scalas determined from the frequency of the
first maximum spectral drop. The frequencies ai which the :
indicated drops are observed have a tendency towards mul-

tiplicity.

[:'I'ext] The spectrum of flow velocity turbulent pulsations is continuous-
discrete., Tt was previously indicated that in the spectral density functions
¢l velocity pulsation components characteristic groupings are observed of the
extremum values marked by_increased drops both in frequency and in the
spectral density value [2] It has ¥ n noted that the characteristic
extremum values linearly depend on the number of the corresponding extremum.
Here the slops of the line of maximums of the spectral density functions
coincides with the slope of the line of minimums.

'This work analyzes the distribution of characteristic frequencies and their !
spectral density for pulsations of the longitudinal velocity component
with respect to the vertieals along ridged roughness, Recordings of
velocity pulsations by a two-component mechanotron converter were used as
the initial realizations. Measurements were made in a trough 25.5 m long,
0.5 m high, and 0,6 m wide, where the correct periodic forms were simulated
in the form of fixed ridges 1.75 m long and 0.09 m high made of medium-
sized gravel to 0.01 m, The surface of the ridges was fixed by a cement
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solution, Eight ridges were arranged over the bottom of the trough, Thus,
the given rellef had unchanged characteristics with respect to the width

of the flow, The depth of the flow over the crest of the ridge was 21 om,
the mean veloeclty--47 cm/s. The geometric correlations for the ridges
roughly corresponded to ridges observed under low water conditions in ‘the
Polomet' River, Thus, from the 1960 observational data a movement was noted
over the gravel-sand bottom of the river of ridges up to 1.5 m long and

0.1 m high with mean valocity of the current 47 cm/s [3]. A study was made
of tho statlonary pattern of the watex flow with Reynolds and Froude numbers
computed with respect to mean velocity and equal respectively to 1:105 and
0,33, 8ix measuring verticals were arranged over the fourth and fifth
ridges (fig 1), The mechanotron converter was fastened with the help of a
water gage on a moving cart,

i234 § [

]m:n .

e

L v
Wen

Figure 1. Placement of Measuring Verticals along Fourth and Fifth Ridges

The two-component mechanotron converter is an electric-vacuum lamp con-
taining two plane-parallsl two-cathode mechanotron systems of longitudinal
control [1], whereby the planes of the elsctrodes of both mechanotron
systems are oriented perpendicular to each other. Each of the two mechano-
tron systems of the converter possesses sensitivity only in one direction,
and precisely: with the movement of the ancde perpendicular to the planes
of lts electrodes, The moblle component of the converter is a light tubular
rod connected to the control pin and mechanotron anode; it is 10 cm long,

A sphere made of foam plastic 0.5 cm in diameter is fastened on its end,

A reduction in the influence of aide effects of the flow on the converter rod
was attained by screening the latter with a shield, During measurement

of the welocity pulsations the rod with the sensitive component-sphere was
immersed in the flow. The action of the converter is based on the uss of the
dependence of the output electric signal of the mechanotron on tesistance
during the spatial flowing of the flow over its sensitive component, Here
a shift occurs in the mechanotron rod that is proportional to the sirength
of action of the flow on the sensitive component, The link between the
velocliy and, strength of action of the flow on the sensitive comgonent of

the converter is determined by the formula of complete resistance of a body
during 1ts spatial flowing that is known in technical hydromechanics

P= éTSu—I.

where C--dimensionless coefficient of resistance whose amount depends on the
shape of the sensitive component and equals 0,5 for a sphere;
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y-~liquid denuitys

S--area of the largest section of the sensitive component perpendicular to
the direction of flow;

u--valocity of flow,

The movement of the rod and the mechanotron anode connected to it under the
influence of & flow results in a change in the currents in the méchanotron
cathode circuits, and as a result, in a change in the output signals of

two bridge measuring schemes to which the mechanotron is connected, Here
the amounts of the output signals are proportional to two mutually perpen-
dicular components of the vactor of flow strength applied to the end of the
pin. The output signals of the mechanotron converter wers recorded by a
N-327 type self-recorder that then were translated onto punched cards (or
punched tape) with the help of a semiautomatic digltal converter of logging
dlagrams type F-001, The length of realization with respect to time was

41 s, the quantization spacing--0,04 s, The spectral density functions were

computed by the method of rapid Fourier transformation on a BESM-1 type
- computer,

The kinematic structure of a flow with the ridge roughness indicated above

was studied in publication [5], where the multiple-modality of the obtained
spectral density functions of the velocity pulsation components was indicated.
Here we will analyze for the sample one of the functions, for example, S

for pulsations of the longitudinal velocity component--second vertical Y¥0.8 em,
The analysis fixed the frequencies of successive maximums and minimums, and
their ordinal number of arrangement on the spectral curve, Here the numbering
of the maximums coincided with the numbering of the minimums located to the
right of them., Consequently the minimum frequency was higher than the

maximum frequency of the same number or pair, Further, a determination was
made of the difference in spectral densities AS of the maximum and minimum

of each pair (we irill conditionally call it the spectral drop) and difference
in the frequencies Af of the minimum and maximum fcorrespondingly the fre-
quency drop), The analysis results are presented in table 1,

On figure 2, with respect to the dependencas of the observed spectral AS
and frequency Af drops on the corresponding frequency of the pair minimum one
can note the presence of six pairs in the frequency range to 10 Hz with in-
creased values of the indicated drops. Thus, the maximum spectral drop is
noted for the pairs with ordinal numbers 1, 5, 8, 11, 13 and 18 with fre-
quencles of the minimum of these pairs respectively 0.84, 3,06, 5.08, 7.02,
8,17, 9.84 Hz, The maximum frequency drop is observed for pairs with
ordinal numbers 1, 4, 7, 11, 13 and 18 with frequencies respectively of 0,84
2,41, 4.80, 7.02, 8,17, and 9.84 Hz, As is apparent from the analysis, the
frequencies of the pair minimum for which the maximum spectral and frequency
drops are observed can coincide or somewhat differ from each other, We will
successively enumerate six of the indicated maximum drops. The dependence of
their frequencies on the number of drop n is a straight line (fig 2). This

circumstance indicates the close link betwsen the frequency and spectral drops
and their multiplicity. :
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Table 1, Frequencies and Spectral Density of Successive Pairs of Maximums
and Minimums for Spectral Density Function Su of Longlitudinal
Velocity Component and Differences of Spectral Densities S and

Frequencies f of Maximum and Minimum o

f Bach Pair (second vertical,

Y=0.8 cm)
(a) Homep napu
1 2 3 4 5 6 7 8 9

ﬁ“‘*ﬁbg 012 | 1,04 | 1,68 | 1,90 | 2,84| 3,56 4.,07| 4,94 5,22
Sum 2P 088 | 1,03 | 1,84 | 2,41 | 3,06] 3,92 4.8| 5.8 580

o Ma(v) 072 02| 06| 05 | 02| 03] 073 o014 0,08
Smx 05(8) 7.2 |-0,4 |-2,4 |~2,4 | 3,6 | =8,0 | —9,8 |—12.4 |—15.7
Smin 05(43-3,8 |~6,5 |58 |—8,3 |—14,8 [~13,0 |—14,0 |—17.6 |—18,0
asos(c) mo| 61 | 34 [ 59 [ 2| 50| 42| 52! 23

(a) Homep napu
10| n 12 | 18| 1 15 | 16 17 | 18
Smx 2{b) 5,42 6,24 7,24| 7,74| 8,32 8,60[ 8.8 09,25 9,5
fon a{b) 372 7,02 7,38] 8,17 8,46 8,76 9,12 9,40] 9,84
Afa (b)Y 030 075 o4 0,43 014] 016 0,23 0,15 0,3
Smax 05(4-12,2 | —4,4 | 9,2 | 1,6 [—12,3 (12,4 |—14,0 [—13,8 |—13.8
Smin 0B c)—17,0 |—14,4 |—12,0 [=14,0 |—14,6 |—15.0 |—15,0 |—15.2 [—17,4
3so5(c) 48] 100 28] 124 23| 26| 1,0 14| a6
Key: '

a. Number of pair

b. Hz

c. db

As indicated above, on ths spectral characteristic one can note several fre-
quencies at which the maximum spectral drops are observed, We will examine
the distribution with respect to depth of flow of the first three indicated
) frequencies for the spectral characteristics of the longitudinal velocity
component on the fourth vertical--respectively f., f. and f (table 2), As
is apparent from the table the nature of the dis%ribation wgth respect to
flow depth of the amounts fl' f, and f, is similar. All the poinis of dis-
continuity of the indicated curges areBrepeated. Such an analysis of the
distribution of maximum spectral drops with respect to the flow depth on all
the measuring verticals confirms the pattern of similarity described above,
This can be explained by the single source of emergence of the drops. Probably
the observed drops can be viewed as boundaries of local structural formations
existing in the flow. 1In this case, the observed multiplicity of the drops
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Table 2, Distzibution with Respect to Depth of Flow of Frequsncies of First
Three Maximum Spectral Drops f,, f, and f, for Functions of Spectral
Density of the Longitudinal Ve}oci%y COmpgnant on the Fourth Veriical

~
£
-
~»
=
>
~
=

Hz| H Hz
21;‘3 2y

0,90 { 2,92 | 3,64
2,76 1 4,86 | 6,60
2,12 | 3,00 | 5,08
0,90 12,77 1 4,14
. 4,22
0,621,212,
0,32 2,20 | 3,92
0,54 | 3,48 | 4,30

NI
/33338588
a
N
-
<

RoCowaw—o

(] -3 (b)

Trmin %

Figure 2, Change in Range to 10 Hz of Spectral AS(1), Frequency Af(2) Drops
and Ordinal Number n of Maximum Spectral and Frequency Drops (3
Depending on Frequency of Minimum f 1 of Successive Pairs of
Minimums and Maximums with Respect 5" Ehe Spectrum of the Longi-
tudinal Velocity Component (Second Vertical Y=0.8 cm).

Key: .
a, db b, Hz

san be explained as follows: during the interaction of eddies at the site
of their meeting as a consequence of the inverse rotation the breakdown of
the boundary is possible, and the emergence of a doubled eddy that, in turn,
can form a quadrupled eddy, and so forth, The multiplicity of the drops as
boundaries of the eddy formations can alsobe determined by the multiplicity
of the turbulence scales in the flow,
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Figure 3. Distribution with Respect to Verticals of Ridge (1-6) of Euler
Time Scales ! Determined with Respect to Time of Zero Correlation
(a) and Scales 1 Computed with Respect to Frequency fl of First
Maximun SpectrallDrop (b) for Longitudinal Velocity Component,

It is important to explain the pattern of transformation of the eddy formations
with respect to depth of the flow, For this purpose a computation was made

of thelr dimensions by two methods: with respect to time of the zero correla-
tion T, and with respect to the frequency of the first maximum spectral drop
fl for“all the studied verticals along the ridge respectively by the formulas

l:l‘

l=4z_'0\ 1|= M

)]

1
where U--local velocity.

The Euler turbulence scale !, in contrast to the scale 1is not a direct
goometric dimension of the eddy formation, but is The summary effect of the
interaction of the eddies of different sizes that have different energy
levels (a certain summary averaged eddy). However, the qualitative course
of changes in scales Land }. with respect to flow depth on all the verticals
along the ridge remains the Same (fig 3). All the points of discontinuity in
the comparable curves are repeated, and the inequality !> is maintained
with respect to the absolute value, Such a pattern of distribution with
respect to depth of the summary eddy and the eddy determining the boundary

of transition from one structural formation to another can occur in the

cage if the assumption on the multiplicity of the turbulence scales existing
in the flow is trus, It should be noted that the dimensions of the eddy
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YT

Figure 4, Distribution with Respect to Depth of Flow of Euler Turbulence

Scales ), of Longitudinal Velocity Component with Small-Scale
Bottiom RGughness, '

formations in the lower part of the ridge are significantly smaller than in
the transit portion of the flow,

The stratified structure of the region of the ridge lower part and the transit
sectlon of the flow has previously been discussed in publications [6.7]. Thus,
for example, in the joint study of the nature of the change with respect to
flow depth of the root-mean-square deviations in longitudinal and vertical
velocity components, the moment of correlation between them, and the coeffi-
clent of turbulent exchange an assumption was made on the existence directly
in the benthic region of the lower paxrt, besides the roll occupying the main
part of the lower portion, a roll of smaller dimension, The boundaries of
the layers were determined according to the points of discontinuity in the
course of the comparable curves of distribution. The layers in the transit
portion of the flow had greater extent with respect to depth than in the
reglion of the lower portion, The separatinn into layers is noted also on

the curves of distribution land 1, with respect to all vertlcals, only they
can be more or less pronounced (f;:g 3).

For a rddgeless bottom the distribution with respsct to depth of flow of the
Euler turbulence scales 1, (fig 4) provides the basis for the separation of
the upper and lower hyerzbetween which the boundary depends on the dimension
-f bottom roughness. Studies of pulsations in the steady-state flow velocity
a (mean velocity on the order of 60 cm/s) were made by a two-component mechano-
tron converter in a trough 7 m long, 0.2 m wide and 0.4 m high with the
following types of small-scale bottom roughness: l--smooth glass bottom of
trough, 2-- glass balls 0.24 cm in diamter, and 3--glass balls 2 cm in di-
ameter. The balls wexe glued with nitroenamel right up to the glass sheets
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which were then placed on the bottom of the trouygh, The interface hetween
the layers for a smooth bottom are located lower, on the zelative level
Y/H=0.,1 than for the two other comparable types of bottom roughness for
which the indicated level squals 0.25, Consequently, the extent of the
upper layer for a smooth bottom is higher than in the other two cases,

A trend is obLserved towards reduction in the maximum value of the Eulexr
turbulence scale with a rise in the bottom roughness. If the observed
maximum values of ), are compared with different types of roughness with
‘the length of the tgough, then with a smooth glass bottom this scale equals
two lengths of the trough (14 m), with balls 0,24 cm in diameter--roughly
the length of the trough (8 m), and with balls 2 em in diameter--half the
length of the trough (3,5 m). Thus, all the analyzed maximum values of the
Euler turbulence scale have a multiple bond to the length of the trough,
The coefficient of nultiplicity, i.e., the.ratio of the maximum value of
the Euler turbulence scale to the length of the trough is determined by the
dimension of roughness. With a rise in roughness the coefficient of multi-
plicity is reduced. It is evident that the most low-frequency oseillations
in the troughs are determined by the frequency computed from the length of
the trough, or its harmonics depending on the bottom roughness, The division
into layers with small-scale roughness is similar to the division into
layers of the transit portion of the flow with ridge roughness., Here the
eddy region of the lower portion which is characterized by significantly

smaller dimensions of the 8ddy structural formations than for the transit
portion of the flow is excluded,

Conclusions

1, 1In the functions of the spectral density of velocity cumponsnts charac-
teristic groupings are observed of the extremum values marked by increassd
drops both with respect to frequency, and with respect to the value of
spectral density (respectively the frequency and spectral drops). The fre-

quencies at which the indicated maximum drops are noied are multiples of each
other,

2, With ridge roughness of the bottom the zone oFf the lower part, like the
transit part of the flow has a stratified structure. The dimensions of the
eddy structural formations in the transit portion of the flow slgnificantly
exceed the dimensions of these formations in the region of the ridge lower -
portion., With ridgeless small-scale roughness the division into layers is
similar to the transit portion of the flow,

3. The qualitative course of changes with respect to depth of the Euler
scales and the scales that determine the boundary of transition from one
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L, 1In the troughs with ridgeless bottom the maximum Euler turbulence scale
computed with respect to the time of the zero correlation for the longitu-
dinal velocity component has a multiple link to the length of the trough,

- The multiplielty coefficient is determined by the type of bottom roughness,

BIBLIOGRAPHY

1. Berlin, G.S.; and Rozentul, S. A, "Mekhanotronnyye preobrazovatelil 1 ikh

primeneniye" |Mechanotron Converters and Their Application]. Moscow,
Energiya, 1974, 240 p.

2, Denisov, Yu, A,; Maslov, V., K.; Melekhova, N, A.; and Mikhaylova, N. A.
"Distribution of Characteristic Frequencies in Spectrum of Turbulent
Velocity Pulsations," TRUDY VNIIFTRI, No 34(6k4), 1977, pp 43-51.

3. Korchokha, Yu, M. "Study of Ridge Motion of Sediments in Polomet' River,"
TRUDY GGI, No 161, 1977, pp 98-119,

by, Loytsyanskly, L. G."Mekhanika zhidkosti i gaza" [Mechanios of Liquid a.rid
Gas ], Moscow, Nauka, 1973, 847 p,

5. Melekhova, N, A, "Study of Kinematic Structure of Flow with Ridge-Shaped
Bottom," GIDROTEKHNICHESKOYE STROITEL' STVO, No 2, 1977, pp 30-34

- 6. Melskhova, N. A.; Mikhaylova, N. A. "Turbulent Exchange .in Flow with
Ridge Bottom," METEOROLOGIYA I GIDROIOGIYA, No 4, 1978, pp 82-87,
*

7. Melekhova, N. A, "Correlation Analysis of Velocity Pulsations with Rough
Bottom," TRUDY VNIIFTRI, No 34(64), 1977, pp 30-36.

1ok

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

3 UDC 633.111577.95
INVIUENCE OF WEATHER ON SIZES AND DEPTH OF THE TILIERING NODE OF WINTER WHEAT
) Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 87-92

[Artiole by Candidate of Biologlcal Sciences A. I. Mitropolenko, Krasnograd
Expexrimental Station, submitted for publication 30 Oct 78]

Abstract, Studies have established that depending on the
agrometeorological conditions after the epicotyl stops
growing further diliferentiation into nodes and internodss
oceurs in the tillering node of winter wheat, previously
formed internodes gradually expand and growth cones are
carried to the soil surface. The tillaring node enlarges,
while the protective function of the near-surface soil
layer is reduced, especially in plants of early sowings,

[Text] In our country winter wheat is the most important food crop, How-
ever, in individual years the grain harvest is sharply reduced as a conge-
quence of ‘the death or damage to the plants from unfavorable wintering con-
ditions, Many researchers have indicated that the hibernation of plants is
determined by the state of the tillering node which is the most resistant
to all possible fall-winter adversities, When it is preserved the plants
are capable of regenerating roots, leaves, shoots, and of forming a good
harvest [1-3, 7, 9-13, 15, 16].

We studied the process of tillering node formation (from the appearances of
shoots to the end of the fall vegete.tion% and its carrying to the soil sur-

face in plants of winter wheat in the fall period of vegetation under aif-
ferent conditions of growing.

The experiment work was carried out at the Krasnograd experimental station
of the All-Union Scientific Research Institute of Corn in 1970-1978, Plants
of eight atudied types (zoned and long-texm) were selacted from a plot of
sowing of 16 August, 7 and 25 September (early, optimal and late periods
for the given zone), Morphophysiological studies of the growth cones were
made according to the technigue developed in the laboratory of plant
development blology of Moscow State University [10]. Measurements were

made of adjacent nodes 4nd internodes of the forming tillering node or
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the developing underground astem of the main shoot, the. number of formed
metamors was counted, and thelr length and width were determined, The denth
of occurrence of the tillering node was established according to the generally
accapted technique [5]. The soll and air tomperatures were determined with
the help of soll, minimum and atandard thermometers, The =eeds were sown

to a depth of 5-6 em, :

The most active factors affecting the depth of occurrence of the tillering
node under natural conditions of growth according to A, I. Nosatovskiy axe
the_intensity and duration of illumination, as well as the air temperature
[15]. The lower the temperature at this time, the deeper the tiller node is
lald, This is also indicated by the results of our experiments (table 1),
Analysis of the data we obtained indicatos that the conditions of the medium
have a direct effect first of all on the epleotyl growth, Thus, the
location of the tillering node from the soil surface directly depends on the
longth of this organ, Studies have established that the least intensive
elongation of epicotyl cells occurs in plants of middle, and especially
later sowings, as a consequence of which their tillering node is laid at

a greater depth, The growth of the epicotyl in plans of early (August)
sowings undex conditions of intensive solar illumination and high tempera-
tures 1s significantly intensified which promotes the carrying of the
tillering node much closer to the soil surface, '

Based on previously conducted extensive research [2, 7, 10, 12, 13, 1?]. as
well as on our multiple-year data (tables 1-3)it follows that the depth of
occurrence of the tillering node in winter wheat plants strongly varies

due to the growing conditions, The depth of its placement in the soil is
affected primarily by the planting periods, the precursors and strain peculi-
aritles. As we see from the data of tables 1-3, the distance of the tillering
node from the soil surface increases by the later sowing periods with respect
to all the precursors, and to the greatest degree with respect to the

fallow land, We did not find clear differences by strains in this respect,
however, with respect Lo triticale Amphidiploid-206 we ses its maximum
approach to the soil surface in plants of the early sowing periods., 1In this
rr3pect density and type of the soil, depth of raking, and size of the sseds
are of great importance, The depth of occurrence is affected the greatest

b; chlorocholine chloride (CCC, TUR) when the seeds are treated semidry
before sowing. Deepening of the tillering node as compared to the control
increases in plants from the treated seeds 1,5-2-fold, and reaches L4-6 cm
(4], Thus, by the time the winter vegetation ends in winter wheat there is

a different depth of occurrence of the tillering node, often lowsr than 3 cm
¢nd not coineclding with that accepted for measuring soil temperature during
tuiibernation [8, 12, 18]. Moreover, on individual fields there is a considsrable
spatial variation in the location of the tillering node in the near-surface
501l layer [12] which is important for the hibdernation of the node and the
further formation of output by these plants.

It is also well known that the environmental conditions in the fall vege-
tation period do not promote the intensive development of vegetation cones
in winter wheat plants. At this time the cone is mainly enlarged in volume
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Table 1, length of Eplcotyl and Depth of Occurrence of Tillering Node in
Relation to Weather Conditions

Indices Sowing pexdods .
- . 16 Aug .. 88p... [.25 Sep
Dally average alr temperature during
period "sowing-sprouta," ©C 23.2 13.6 6.4
Daily average soil temperature at depth
5 em during pexried "sowing-shoots," °C 27,1 15,2 7.0
length of day in hours during this pexied | 14,19 12,55 11,44
Cloud cover in points during the periodsi
"sowing-shoots" goneral 4,3 5.2 5.8
lowex 3.0 3.4 3.6
"shoots-tillering" general 3.3 5.6 7.2
lowex 1.7 3.7 5.2
"gsowlng-ond of vegeta-
tion in fall period general 5.8 6.l 6.8
lower L,2 k7 L,9
length of epicotyl, cm ''3.95 3.3 1,80
Depth of occurrence of tillering node, em | 2,00 2,68 4,20
Number of days from shoots to tillering 19 25 LY

by thickening and elongation, while at its base, as indicated by our studies,
separation into nodes and internodes of the undexrground stalk occurs such
that each of the newly formed metamers gradually carries o the soil suxface
growth cones of the main and lateral, more developed shoots, thus stretching
and elongating the zone of the tillering node,

It 1s quite natural that the differentiation and dynamics of tillering node
change in different plants of winter wheat in the fall period of vegetation
do not at all occur in the same way. This process is affected the most by
the duration and conditions of growth in the period "shoots-end of fall
veg&tation," In this case strain peculiarities, GCC treatment of the seeds
and much more play the decisive rols, And if, regardless of the time of
sowing, the length of the rudimentary stem when the eplcotyl stops growing
usually equals 1,5-2,0 mm (measurement of the depth of laying and of occurrence
of the tillering node is made at the site of attachment of the first rudi-
mentary leaf), then in the next certain changes occur with the tillering
node: in plants a very slow increase begins in the tillering node from the
bottom to the top, as a result of which the growth cones of the main and
lateral more developed shoots are carried considerably closer to the soil
swface than occurred in the cessation of epicotyl growth,

Under comparatively favorable conditions of fall vegetation which are usually
combined for plants of the early sowing periods intensified differentiation
of the underground stem of the main shoot occurs, as well as ihtensive
expansion of the tillering node from the bottom upwards (table 2). Moreover
these plants by the end of the fall vegatation end the vernalization pro-

cesses and already are at the third stage of organogenesis, which entails
extension and elongation of the growth cone [3. 10].
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Table 2, Depth of laying of Tillering Node (mm), Dynamics of Its Develop-
ment, and Distance (mm) between Soil Surface and Growth Cones of
Main Shoot Depending on ‘the Growing Conditions by the Time the
Fall Vegetation Ends

1071

(1) I 1972
(<) Cpokit nocesa
Flokasarenn
16 Vilt| 71X 251X (16 VIII] 71X 21X
(b) TayGnina  3anoxennss  yaaa
Kymemng . . . . o 200 276 28,7 20,0 26,8 42,0
( 5) Daina nopaemnoro  crebas
01 CONMBKERNMX  Y3N0B W
semaoyaand, ax . . . 131 72 35 1,7 6,8 2,6
6) “iero NOICMHLX MeKAOY3: !
ami ete6ar . . . | 93 7.6 4,1 9,0 72 4 38
7) Rauna xomnyea napactawua | 0,85 0,60 0,33 0,70 0,52 0,20
(8) Pacctofiie MEKAY KONYCON ot
NApACTANMA M NOBEPXe '
NOCTHIN  NOY B 1 6,05 19,70 24,87 7.60 19.49 39,11
1973 l... 1974 | (3) Cpeanee
(2 Cpokn nocena
wevir] 71X [251x {w6vin) 71X 251X | Vill| 71X 261X
19,5 26,0 37,0 18,7 27,9 359 19,6 258 35,9
10,7 4,5 23 14,2 10,5 4,2 124 7.2
8.4 35 | 30 9.7 76 49 9,1 7.0 3,9
0,59 0,36 0,19 0,77 0,50 031 0,73 0,49 0,28
8,11 23,51 34,51 3,70 16,9 30,6 636 19.75 | 32,25
Key:
| 1, Indices 6, Number of underground inter-
2, Sowing periods nodes of stem
3. Average + Length of growth cone
4, Depth of laying of tillering node 8. Distance betwsen growth cone
5. Length of underground stem from and soil surface

ad jacent nodes and internodes, mm

reduction in the air temperature, decrease in the day and shortening of the

fall vegetation period in plants of the middle planting periods somewhat delay

differentiation and expansion of the underground stem, and as a result, promote

the deeper laying of the tillering node.
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Table 3, Depth (mm) of laying of Tillering Node (A) and Distance (mm)
between Growth Cone of Main Shoot and Soil Surface (B) Depending
on Sowing Perlods, Preoursors,Cropand Strain Peculiarities, 1977

2 Cpoxit nocena

(1) 16 VIl

Kyavrypa, copr
A

71X %X

(4)  Oamman nutentita MitpoHos:

Kan-808 194
(53 Muponosckan-808

yayutenHan 218

6) Xapukoackan-63 19,4

7) DOuenponckan. g 19,4

AXThiptanka 21,7

Besocran- 19,0

9 1
T ? Avdmannaona.
(10)Teisane — Aug 4

(“’) Oanman nuenina Muponons

cxan-808 18,6
(5)Muponosckan-808

yayutenian 21,0

(6) Xapskoackan-63 18,5

Tlvenposcran-782 (7)| 21,0

(8)Axrpuanka 20,0

(4) Oaumag  nurewnua  Mupo-
oRckan-808 16,0
'( Mitpononckan-808

yayuulenHas 17,0

(6) ,}Laphkoncxamsa ' gg.g
Henposckas- s
(7).*\x'mgqam\'a Z%Q) 20,0

(3Nepuviit nap

(11) Topox na 3epro

21,9 177 27,0 243
22,2 18,0 29,0 25,9
21,0 17,2 30,0 27,0
24,0 19,8 32,0 20,8
213 169 31,0 28,2

22,2 19.6 25,1 219

18,0 14,1 29,0 254
,0 163 31,1 28,

21,0 17,2 28,0 249

2,0 19,8 309 26,

Keys
1, Crop, strain
2, Sowing periods
3. Fallow land
L, Mironovskaya-808 winter wheat
5. Mironovskaya-808, improved
6, Khar'kovskaya-63

7. Dneprovskaya-782

8, Akhtyrchanka

9. Bezostaya-l

10. Triticale Amphidiploid-206
11, Péa for grain

12, Corn for silage

In plants of the late sowing periods the rudimentary stems before going into
winter are usually in the beginning of differentiation into nodes and inter-
nodes having small dimensions, The deepest laying of the t1llering node in
plants of these sowing periods, the insignificant development of the rudi-
mentary stem and the growth cone practically do :not alter the positions of
the latter in the near-surface layer of soil,

109

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

As the studies showed, the moxe developed lateral shoots have the length
of the underground stem, close to the length of the main shoot. Therefoxe
the carrying of the growth cones to the solil surface is also obmerved in
them, The same law occurs in all the uncovered plants regardless of the
gowing periods.

The atudies also show that the process of expansion of ‘the tillering node

of plants in ‘the fall in different years does not occur in the same way,
which is demonstrated by the data of tables 2 and 3, Thus, in plants of

the early sowing perlods it is increased, moving the growth cones in separate
yoars to 1,5 centimetexs, and on the average--somewhat over 1 centimetex.

In plants of the optimal planting periods the tillering node expands less,
and its size fluctuates within 0,5-1 em, In plants of the late sowings it
is changed little,

Table 3 presents data on the carrying of the growth cones in plants of
winter wheat depending on the precuxsors and the sowing periods, Although
the conditions in the fall of this (1977) year were anomalous for the plant
development, growth of the undexrground stem and cone (daily average alr
temperature in September and Octobexr was 4-69C lower than the mean for many
years), nevertheless certaln conclusions can be drawn, It was established
that the distance between the growth cone and the soil surface in plants of
the majority of the studled strains with respect to the non-fallow pre-
cursors is smaller than for the fallow, and that the underground stem
develops better in winter wheat sown with respect to good pracursors.

Thus, in the tillering node the position of the adjacent nodes and internodes
h doss not remain unchanged after the growth of the epicotyl stops, Dus to

the absence in the fall perivd of conditions for the development of & rudi-

mentary eaxr further differentiation into nodes of the internode occurs,

the gradual elongation of the tillering node, and carrying closer to the

soil surface of the growth cones of the main and more developed two-three
shoots.,

The maximum convergence of the growth cones to the soil surface in plants of
vhe early sowing periods is promoted bys elongation of the epicotyl during
the appearance of shoots, appearance of new and growth of previously formed
nodes and internodes from bottom to the top, and increase in the dimensions
of the growth cones passing to the third stage of organogenesis,

The given analysis that shows the movement of the cones to the surface of
the soil is of definite importance from the viewpoint of tha resistance of
winter wheat plants to the unfavorable hivernation conditions, and primarily,
to low temperatures, Based on the obtalned experimental material it is
possible to reveal one of the aspects of the death of the most developed
shoots: and the tillering node itself, Agrometeorologists [12, 18] indicate
that at a depth of 2,5-3.0 cm the temperature on the average is higher by
3,5-8,5°C than on the soil surface, At the same time at a depth of 1-1.5 cm
this difference reaches only 2-3°C, i.e.,, more severe conditions are created
for the hibernation of the wheat. It is quite natural that at the depth we
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indicated for the placement of the growth cones in plants of August sowings
(0,5-1 cm) the temporature difference hexe as compared to the depth of laying
of the tillering node is even morxe reduced, despite the cextain thermal-
insulating role of the thickest herbage of these sowings [ll]. This, in
turn, has a fatal effact on the resistance of the most developed and clomast
growth cones to the soll surface, Moreover, these shoots always die earllex,
even with equal temperaturs conditions for the entire tlllering node [6,10].

The death of the most developed shoots with the preservation of the tillexing
nodes capable of generating new shoots and roots results in the faet that

the winter wheat harvest is formed either on the late-fall shoots in which
the growth_cdne is not differentiated, or of very poorly developed spring
shoots [10]. Those great advantages in the harvest and early maturation
that tho wintexr wheat has over the spring wheat can be easily lost due to

the death or even damage to the growth cones of ths fall shoots [12],

It follows from the statements that the resistance of the plants of the
early sowing periods to low temperatures is affected not only by the high
degree of their development, with the consequences that follow from this,
but also the very close location of the cones of the maln and lateral shoots
to the soil surface as a consequence of the change in the sizes of the
tillering node, In such cases thers is a sharp reduction in the protective
function of the near-surface layer of soil., Moreover, thay, according to
[12] will be located in the soil laysr in which the plants are exposed to
the greatest measure to the effect of sharp temperature fluctuations, A
somewhat reduced threat in this respect occurs for plants of the optimal

periods, while for plants of the late plantings relatively more favorable
conditlions are formed.

Based on the given analysis we consider it expedient to make an additional
measurement of the soil temperature at the depth of the tillexring node of
the main shoots by the time fall vegetation has ended, i.e., in the upper
section of the tillering node,
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UDC 551,501633,11(470.6)

AGROCLIMATE RESQURCES AND POLENTIAL YIELDS OF WINTER WHEAT GRAIN IN FOOT-
HILLS OF NORTHERN CAUCASUS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, My 79 pp 93-98

(Article by Candidate of Agricultural Sciences E. D. Adin'yayev, Gorskoye
Agricultural Institute, submitted fox publication 27 Oct 78]

Abstract. An examination is made of the agroclimate
resources of the Northern Caucasus foothills and their
effect on the formation of the biological output of winter
wheat,

It is theoretically and experimentally established that
with an efficient use of agroclimate resources of this
region, without additional outlays for irrigation and
fertilization the following yields of winter wheat grain
can be obtained: for the Kabardino-Balkarskaya A$SR--
18-25 centner/ha; Severo-Osetinskaya ASSR--19-32 cent-
ner/ha; and Checheno~Ingushskaya ASSR--15-24 centner/ha.,

The findings serve as the basis for determining the need
of the reglon for water and fertilizers for the planned
yield level,

[’!’ext] Among the problems of:national economic importance whose solution is

necessary for the growth and development of agriculture the first place belongs
- to the problem of the most complete and highly productive use of the land,

its protection, and increass in soil fertility.

Planning of agricultural production and the measures for land use is imple-
wented according to administrative oblasts, krays and republics, Howevex,
aany oblasts, krays and republics differ in natural conditions, others are
wimilar to each other in conditions and potentialities for agricultural

development, and they can be viewed as single natural-agricultural complexes
separated by administrative boundaries,

Under the extant natwral-agricultural zoning one rayon includes the territories
of the Kabardino-Balkarskaya, Severo-Osetinskaya and Checheno-Ingushskaya
autonomous republics, otherwise called the Northern Caucasus foothills,
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The natural-agricultural zoning of the Northern Caucasus foothills is
based on an analysis of the natural conditions from the viewpoint of their
value in agricultural production, Therefore the goal of our research is
to find the most optimal methods for using the agroclimate resources of the
Northern Caucasus based on an investigation of the natural conditions, and

the knowledge of the laws governing the harvest in the system "plant-soil-
climate-cultivation technology,"

This work presents studies on the systemization of agrometeorological.factors
as applied to a determination of the size of potential winter wheat ylelds
- in the examined xegion,

Only the most important climate indices can be practically used for agro-
climate zoning of the texrritory. These indices, in our opinion, must be
fairly simple, clear and accessible, Many researchers mainly basae zoning on
consideration of temperature, air hunidity, and amount of precipitation,
since thers are still few actinometric data for these purposes, while the

amount of photosynthetically active radiation on the examined territory does
not limit the development of agricultural crops,

Taking into consideration the most significant features of the soil-climate
and economic conditions, as well as the extant production trend, habits and
accunulated experience in the operation of the kolkhozes and sovkhozes of

. the Northern Caucasus foothills, in our opinion, one can separate three main
natural-economic (agricultural) zones: plain (steppe), foothill, and
mountain, The zones of plains and foothills of the republics are of great
importance for agricultural production, They are arranged in the following
order: grassy-wormwood steppe with insufficient moistening on chestnut brown
3oils; mixed grass-grassy steppe with unstable moistening on carbonate-
chernozem soils; forest steppe (Agropyron-mixed grass meadow steppes) with

unstable and sufficient moistening on leached, less often podsolized cherno-
zems,

For the climate characteristics of the Northern Caucasus foothills data were
used of the meteorological stations Mozdok, Prokhladnaya, Kotlyarevskaya,
Terek, Mikhaylovskaya, Zamankul, Grdzhonikidzevskaya, Groznyy and Gudexrmes,

In the evaluation of climate as oné of the factors of the general potential
output of the land we used as a criterion the bioclimatic potential (BCP) -~

a complex amount that takes into consideration the offect of elements of the
blochemical effectiveness of climate

The bioclimatic potential in each speclfic case can be determined according
to the equation . ]":"*
BCP= k;-':ﬁbgcc- point

where K--coefficient of biological output;
Lt>109C~~sun of temperatures above lo°C;

1000°C--sum of temperatures on northern boundary of fisld cultivation,
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Table 1, Scals of Blologlcal Productivity (from D, I. Shashko, 1967)

Biological productivity ' Tt>100¢ BCP

Very low 800 0.8

Low 800"‘1200 0|8"102

Reduced 1200-1600 1,2-1,6

Average, 1600-2200 1,6-2,2
= Increased 2200~-2800 2,2-2,8

High - 2800-3400 2,8-3,4

Very high 3400 3.4

The bloclimatic productivity of the land synthesizes in itself the effect on
plant productivity of the main factors of their vital activity; heat and
moisture supply, In order to evaluate the blological productivity of the

land D. I. Shashko (1967) developed a scale constructed on the basis of the
amounts of bioclimatic potential (table 1),

The relative amounts of potential productivity are translated into the crop
yield according to the equation

’

— K . B
nz_f—ﬁf- 10 BCP

where m--grain yield, centner/ha;

K' -~coefficient of crop productivity (yield corresponding to 100°C sums
of temperatures) according to empirical data (determined according
to index of moistening M. );

K --coefficient of biologicai productivity that depends on the moisture
supply of plants and that is the ratio of maximum productivity under

conditions of sufficient moistening to productivity with insuffi-
cient moisture,

The coefficient of biolbgical productivity was defined by us from the formula

- WT,
Ko= w7

where W--productive moisture in meter layer of soil during spring maturation
of wheat, mm;

Ty --period of spring-summer vegetétion, ten-day periods;
36--number of ten-day periods in the year;
R--radiation balance during this period, keal/cm?.

"he indices of biological productivity of a plowed field that we computed

by zones of the Northern Caucasus republics proved to be considerably lower
than the data of D. I. Shashko (table 2),
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sevet o

Table 2. Biologlcal Productivity of Land for Maln Zones of Northern

Caucasus Foothills

(1) Pecnve (2) . i )
eeny6aika 3ona |E4>10°C}  BKIT |, Blological productivity
by Zt>10°C by BOP
aapauto-Baskapek 1 3377 2,30 high alevated
G RE AF AR ;
(5)evepo-Ocerunckan ACCP | 3590 1,90 very high avera
l1IIl 3“0 2,61 hig% v elevated
(6)-(eueuo-|1nrymcxan ACCP| 1Ia Sggg %g: elovated i}
16 3615 152 very high redyced
11 3335 2,27 high elevated

Key.z
1. Republic 4, Xabardino-Balkarskaya ASSR
2, Zone 5, Severo-Osetinskaya ASSR
3, BCP 6. Checheno-Ingushskaya ASSR

Table 3. Biological Potential of Productivity and Grain Yield (m) of Winter
Wheat in Main Zones of Northern Caucasus Foothills

(1)  Pecnyunka 23ona My K, Kp (ékn %)q/za '

(5) Ka6apakno-ﬁanxapcxau 1 0,25 0,86 0,68 2,30 28

ACCP gg ggg ggs 088 | 227 2&3'
X 92 075 | 24 Y

(6) Cesepo-Ocerunckas ACCP 1 0,19 0,67 0,53 1.9?) gg.g
AR AR A

, , X 2, 325

(?) Yeveno-Huryuexan AccP | 1a ot | os2 | o2 | 134 | 188
16 0,16 0,52 0,42 1,62 18,¥

I 025 | 086 0.68 2,97 286

Key: .
1, Republic 5. Kabardino-Balkarskaya ASSR
2. Zone: 6. Severo-Osetinskaya ASSR
3. BCP 7. Checheno-Ingushskaya ASSR

L, m centner/ha

Analysis of the data of tables l.and 2 shows that the blological productivity
of tha plowed fields on the territory of the Kabardino-Balkarskaya ASSR
according to the sum of temperatures is classified as high, while according
to Shashko's formula--<only as elevated. A more contrasted relationship is
revealed for the territory of the Severo-Osetinskaya ASSR whose blological . -
productivity according to the sum of temperatures is very high, and according
to BSP--reduced, In our opinion, such a difference is governed by the fact
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that in Shaghko's calculations X is taken for all the climate zones as

equal to a unit (K =1,0). At th same time, X in the Kabardino-Balkarskaya
ASSR fluctuates frBm 0.68 to 0,751 in the Severo-Osetinskaya ASSR--from 0.53-
0.9%, and in the Checheno-Ingushskaya ASSR--from 0,42 to 0,68,

‘precipitation) .
f(evaporation ) the
easy to compute the possible grain yield

Having determined from the index of molstening (Md= ‘

zons of loeation of the 'i‘arm it is
of winter wheat (table 3),

The BCP is an integral index since it makes it possible to evaluate the
yield obtained in different soil-climate conditlons and different natural-
botanical zones, in the same comparable units,

b T
44 T \ [ K
Y N ) - °)
a2 y, - i °
o L
R o L
dfF——= ‘ - =
L/ . L A
w7 FTT T A
VAN 4y &
I - L /i
VAR [ /) VAR
-Illl!“y |!|!|||||| lg!lllll(e)‘
0 06 16 24 0 08 16 24 J2 40 0 a8 16 b5AN
Figure 1. Relationship of Winter Wheat Yield (a, ¢) and Grains as a Whole
(b) to Climate Potential
Key:
a. according to data of SSS of Northern Caucasus foothills
b. according to data of D, I, Shashko
¢. according to data of experimental studies of author in Northern
Caucasus foothills
d. centner/ha
e. BCP

In order to substantiate this
t'ie bioclimatic potential of

oytained at the state strain-testing stations (8SS) located on the
vS the examined region.

conclusion we revealed the relationship of
land productivity as compared to the ylelds
territory

In Kaba.rdino-Balka.rskaya ASSR the winter wheat

grain yield Bezostaya-1 for 1967-1975 according to strain-testing stations

was from 26.4 to 44,2 centner/ha,

in Severo-Osetinskaya ASSR--from 24.5 to

41.2 centner/ha, and in Checheno-Ingushskaya ASSR--from 26,1 to 31.4
centnex/ha,
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i Flgure 1 depiota the dependense of the averaged grain yield of thia strain
- on the BOP in the sxamined reglon,

For comparability of the data taken from Shashko's graph that he compiled
for all the grains as a whole (fig 1b) and that we compiled for the wintex
wheat (fig lo) the sizes of winter wheat grain ylelds were determined for
one unit of BOP, According to Shashko's data for one unit of BOP there ia

- 1,09 centners of grain, and according to our caloulations for Bezostaya-1
wintor wheat in the examined region=--1,54 centners; thus the diffevence is
0.45 centnaxa or 41%, Shashke's method, in ouwr opinion, is corxrect, but its
use in differsnt regions ourrently requires the introduction of appropriate
corrections for the incréhsed level ‘of agricultural technology of the cul-
tivated crops and genetic potential of the strains of winter wheat of the
intensive type introduced into production,

Table 4, Biological Productivity of Winter Wheat with Natural Moisture Supply

(1) (|03 gw) £(9, 56| (7) @ ()
55 “i g!( 55 » k-5
Pectiy6anxa g ggg o g E-g‘;g T s..-
28 985 :g o .5 T %
g ég’ BEA | g ""E§= s 82| B
AN I HEREL IR
6a B 1 24 | 81 1200 | 18,7 | 1,10
(10)'(' P cCp pexen lla }g?;g 196 | 94 33? 1100 | 23,4 | 1,07
{4 1555 217 1120 272 1000 | 24,7 | 1,16
(11) Cesepo-Ocernnexan ACCP| 1 1672 | 185 | 85 | 215 | 1250 17:2) 0'83
It 1585 | 264 112 | 307 |1100 279|131
it 1526 3 87 318 900 | 35,3 | 1,43
(12) Yeveno-Hurymexan ACCP| 1a | 1746 | Too 0 1 209 |1250116:7] 073
l6 1738 192 48 242 | 1100122,0{0,73
: Il 1580 235 95 260 |1085]23,9 1,07
Key:
1, Republic 6. Total productive moisture with
2. Zone regard for coafficient of
3. ZIt>10°C for spring-summex vege-~ util:lgation. mm
tation period 7. KXe, m’/centner
k. Sum of precipitation for peried 8. Possible yield, centner/ha
with Zt>10°C, mm 9. BCP
5. W mm in spring period 10, Kabardino-Balkarskaya ASSR

11, Severo-Osetinskaya ASSR*
12, Checheno-Ingushbkaya ASSR

In relation to the fact that under production conditions the Yields are
usually lower than on the state strain-testing stations, we attempted to
reveal the dependence on tha BCP of the yleld of the strain Bezostaya-1
obtained in our experiments on the soils with a varying degree of cultivation,
- In the Kaba.rdino-Ba.lka.rska.ya. ASSR in experiments without the use of fertilizers
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under natural conditions of molstening for the years of study (1965-1976)

in different elimate wones 25,1-18,1 centnex/ha wore obtained, in the
Severo-Osetinukaya ASSR~--32,1-18,8 cantnex/ha, and in the Checheno-Ingush-
skaya ASSR--23,4-14,3 centner/ha (table 5). According to these data a graph
was plotted (flg lo) fxom which it follows that for one unit " BCP 1,38
contners of grain are obtained or 0,16 centners less than acociding to the
958 data., One should draw tho conclusion that the potential productivity of
the same straln cultlvated under production conditions, as a consequence of
the noncorrespondence of the level of ewop cultivation with the 888 is

1% lower, These data can be successfully used to substahtiate the size of
the yield in a specific farm located near the 8SS,

Our caleulations (table 3) and the experimental data (fig lo) show that with
the efficlent use of climate resources of tha studied region without addi-
tlonal outlays for irrigation and fortilization the following grain yields of
winter wheat can be obtaineds for the Kabardino-Balkarskaya ASSR--18~25
centnar/ha, for the Severo-Osstinskaya ASSR--19-32 centner/ha, and for the.
Checheno-Ingushskaya ASSR--15-24 centnex/ha.,

In addition to the sum of temperatures the moisture supply of the sowings is
the most precise expression of the plowed field productivity, and can be
placad as the basis for a determination of the size of potential yields of

dry blological mass (Yn " ou)’

productive moisture

guon coefficlent of water consumption’

This relationship according to the definition of grain yield (Y centner/ha)
can be determined ass

100 Nn
Y Centner/h& ﬁm,

where Mg --moisture output,, centner/ha;
Ko-~-coafficient of water consumption;
} C--standard moisture content of crop, %;
2,5--ratio of main product to secondary (for winter wheat 1.5 or 2.5).

The productive moisture is formed from its amount in the meter layer of the
soll bvefore the renewal of vegetation of the winter crops, precipitation

falling in the spring-summer period of vegetation with regard for the coef-
ficient of its utilization,

The greatest quantity of productive moisture (300 mm) in the meter layer of
soil is observed in the III zone of the Severo-Osetinskaya ASSR: average
(264 mm) in the II zone, and the least (185 mm)--in the I zone, The
coafficlents of water consumption obtained on the basis of the experimental
data showed their inverse relationship to the sum of eﬁ‘ectiga tenperatures:
in the I zome it was 1200 m3/centner; in the II zone--1100 m3/centner and
in the III zone--900 m3/centner of grain. Therefore the fluctuations in the
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: ’
Table 5, OCalculation of Possible Grain Yields of Winter Whaat with
Natural Moisture Supply in Northern Caucasus Foothills, 1965-1976

e cmi P

’ o (2) (3 Vpom;h (4/ea) no aannun: —_—
1 6 3oma |3 LHWX| ~DaarooBecnevens | ..
) pucytnna (et ysrostsmene | - ey
: . X 18,7 26,4
(7) haﬁapmx«é &a’nuapcxan hg é%'? 3% H'S
(8)Ceuepo-Ocerunckan ACCE, {l ;g:g éz:g %:(E
i S| r '
20,0
Yeyeno-Hnryuekas ACCP]  la 143 é% %0
) i 4 239 314
Key:
1, Republic 6, 8s8
2, Zone 7. Kabardino-Balkarskaya ASSR
3. Yield (eentner/ha) according 8. Severo-Osetinskaya ASSR
to data 9. Checheno-Ingushskaya ASSR
L, of experimental studies

5: of molsture supply

vields reach considerable amounts: the greatest possible yield of winter
wheat grain with respect to moisture supply (35.5 centner/ha)--in the ITI
zone of the Severo-Osetinskaya ASSR, the medium (27.9 centner/ha)--in the
II zone, and the least (17,2 centner/ma)--in the I zone,

Similar calculations were made also for the zones of other republics of
this region (table 4),

The results of calculations of the possible winter wheat grain ylelds made
on the basis of the experimental data we obtained and from moisture supply
differed insignificantly (table 5). For dry conditions these methods of
calculation are completely applicable and serve as the foundation for
determination of the need for water for the planned level of productivity,

It should be considered that the yield sizes are governed by the moisture
supplies formed from productive water in the soil and precipitation of the
vagetation period, and they are close to the mean multiple-year data, The
elze of the yield obtained on the SSS is affected not only by the thermal,
water and air patterns, but also by the higher level of agricultural tech-
nology, as well as the potentialities of the genotype placed in the first
goneration of the initial material, These data can also be used in selecting
a highly productive strain for productive sowings with correction for the
molsture supply of the plants in each specific case.
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Consequently, with the natural moisture supply the potential winter vheat
grain ylelds in different agroolimatic wones of the Norithexn Caucasus foot-
hills fluctuate from 16 to 35 centnexr/ha, The further rise in the yield of

this orop requires an improvement in the moisture supply of the sowings by
means of irrigatlon,

Tha data that we obtalned according ‘to the BCP can be used to compute a

nore efficient pattern of ixrigation in the Noxthern Caucasus foothllls and
the optimal use of the soll fextility.
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UDC 551.576,111535.317.2
USE OF IMAGE TECHNIQUE TO STUDY CIOUD AND FOG MICROSTRUCTURE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 99-105

[Article by Candidate of Physical and Mathematical Sciences V., V, Smixnov,

and G, F. Yaskevich, Institute of Experimental Meteorology, submitted for
publication b4 Jul 78]

Abstract. Possibilities are discussed and ways axre shown
for improving holographic, shadow, and television methods
of studying cloud and precipitation miorostructure based
on the use of partially coherent illumination, as well as
spatlal image filtering,

[Text] The diversity of shapes and broad range of concentration, sizes and
velocities of cloud and precipitation particles pose serious reguirements

for the corresponding measuring apparatus, In these terms the optic-electronic
methods [1] are the most accepted; they are based on comparatively well
revealed links between the parameters of the microstructure of asrodisperse

media and the,degree of deformation of the optic emissions transmitted
through the medium,

Below is a brief examination of the possibilities of improving the so-called
"image" methods, i.e,, methods based on the formation and automatic analysis
of optic images of microobjects in a suspended state and in flows,

Features of Image Methods

Holographic mpthods. There are several published deseriptions of cloud
holographic camera modifications (ses, for example, [2, 5, 6]) to obtain
"frozen" three-dimensional images (holograms) of individual cloud sections,
Here the assembly of moving microobjects is illuminated by an intensive
impulse of laser radiation with a high degree of temporal and spatial co-
hexence. The hologram is recoxded on high-resolution photo-sensitive
materials, With the subsequent restoration of the images from the hologram
usually the standard microscope technique and sources of continuous coherent
radiation are used. The automatic analysis of holograms is made with
scanning with respect to the plane and depth of the restored image by a
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telovision microscope aperture connected to a computer device, The dis=-
oreteness of tho measurement process and the labor intensity of processing
the holograms, complexitles in selecting the defooussing images in the
presence of coherent nolses, am wall as a certain awkwardness and high cost
of the holographloc cameras xestrain the broad use of holography,

Shadow spscirometxy, The so-called shadow spsctrometry of Knollenbexg [18]
has become considerably widespread in practice; it is based on the foxmation
of optic image elements of single moving microobjects in the plane of the
discrete photorsceiver guide bar (matrix), In the initial state the photo-
receivers are illuminated by an intensive continuous laser beam with a high
degree of spatial coherence. Durdng the flight of a particle through the
working volums of the instrument its image, and more precisely, the dif-
fraction shadow from the particle scresns a certain number of photoreceivers
from direct exposure,

Knollenberg shadow spectrometers are used for the continuous measurement of
concentration and dimenslons of cloud and rain drops in the intexval of
diameters 10-4500 um, These instruments are comparatively simple and axe
subject to automation, but in contrast to the holographic cameras, they do
not permit visualization of the state of the assembly of paiticles as a whole.

Television methods, It is not difficult to see that the shadow mpectrometers
are a particular solution of the television (TV) methods in which the role

of the TV horizontal scan is played by the photoraceiver guide bar, while the
rolo of the frame scan--by the movement of the monitor in the cloud ox
particles in relation to the monitor.

In certain designs of TV analyzers [1, 7, 17] the classic schemes of auto-

mated TV microprojection systems are realized with impulse source of illumi-
nation,

The operating principle of the television analyzer described in [?] is briefly
reduced to the following., The impulse light source is started at the moment
of the reverse course of the TV beam with respect to the vertical. Through
tha microscope optics the 1light ippulses illuminate the 'photolayer of the TV
transmitting tube, If at the moment of exposure an object is located in the
plane of sighting of the microscope the corresponding segment of the TV screen
is unilluminated, During the direct course of the TV scan there is successive
reading of iriformation "for storage" and the videosignal at the camera outlet
records the corresponding jumps in the level of the "black," their nunber,

and duration are proportional to the dimensions of the object. Certain algo-
rithms of the automatic analysis of TV images designed for obtaining dita

on the disperse composition of asrosols and the corresponding schematic
“olutions are descrived in [4, 7, 10, 11],

On the whole one can include among the advantages of the television methods:

--the possibility of recording on a magnetic carrier and visualization of
the studied process on the TV monitor screen;
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-=gomplete automation of measurements and naking of measurements in a xeal
tine scales 5.6 3
-=falrly broad intexval of countable concentration (to 20”°-10° en™) ama
dinensions (from 2 ym to several mm) of nloroobjeots of fairly arbitrary
shape and composition moving with velooities from units of nn/s to tens of
mn/s (using laser impulse sources of light the upper limit of velocity can
be increased by an order [17]

~-simplielty of the metrologlcal base of TV monitors sinca they can be

callbrated directly during the measurements accoxding to standard immobile
teat obJects, .

The main and impoxrtant limitation of such type of TV device, as by the way,
also of all mierophotographie systems designed to study particles in flows,
is the deformation of images of mloroobjects xemoved from the plane of
Bightinsn

The microprojection optic systems with sources of noncoherent radiation are
characterized by the shallow depth of sharpnesss 2~810-100 pm, With large o
the adges of the image are gradually eroded, while the signal amplitude drops,
The use for selection of defocussing images of amplitude threshold schanes
[7] is ineffective in a broad interval of microobJeot dimensions, since the
amplitude of ‘the videosignal from small particles diminishes during their
defocussing considerably faster than from large particles, The limitation
in the depth of the visual field results, in turn, in an exacerbvation of the
informative characteristics of the instrument, i.e., to small volumgs of
sampling, Thus, withthe use of the television counter described in ?] the
offectiye size of the countable volume for particles of radius 2-20 um equals
0.25 mm?, which requires exposures lasting about 10 s for a representative
series of measurments to be obtained,

As shown in [13, 14] the indicated limitatians can be overcoms if one con-
siders that generally the nature of the microobject image that is displaced
in relation to the sighting plane depends not only on its size, degree of

defocussing and geometry of the optic system, but also on the coherent pro-

perties of the radiation source, We will examine these quastions in more
detail,

Role of Radiation Coherence

We will assume that the microobject of spherical shape is located in the visual
field of the TV microscope at a Qistance z from the sighting plane, Ths dis-
tribution of light intensity in this plane is detsrmined by the superposition
of waves--incident, diffracted, reflected from the object, and passing through
it--and depends on the properties of the 1ight bveam, position of the objact

in relation to the sighting plane, as well as its optic properties,

1. With noncoherent illumination the summation of the listed waves results

in the erosion of the edges of the defocussed image and exception complexity
of its analysis,

125

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

= 2, If cohexent light beams are used for illumination then the interaction
of the aforsmentioned waves ylelds an interference pattern that im essentially
a Gabor hologram [6], A quantitative analysis of auch & pattern when several
particles fall in the counting volume is fairly complicated dus to the
mutual imposition and presence of coherent noises.

Flgure 1 presents densitograms obtained during 'a.single scanning of the inage
of polymethyl methacrylate particles of radius r=150 pm, The particle is
displaced in relation to the sighting plane a distance of gw2, 30, 70 mm with
completely cohorent illumination (a, b, o) and a distance 10 mm with partially
coherent illumination (fig 1, d). With short distances to the sighting plane
pulsations in the signal on the edges of the impulse ave a consequance of
Fresnel's diffraction (fig 1,a), 1In the far field (z>>1:2/k ~50 mm) Fraun-
hofer diffraction is manifest (fig 1,0), It is apparent from the figure

that with the use of coherent illumination the diffraction pattern can ocoupy
a considerable part of the visual field of the optic aystem, impairing the
automatic analysis dus to the mutual imposition and appearance of additional
interforence maximums and minimums,

3, Serlous outlooks for the image methods are ylielded by the use of partially
coherent illumination that can be obtained by reducing the temporal or spatial
cohsrence, First, with such illumination the diffraction pattexrn ocoupies

a considerably smaller part of the visual field, second, one can obtain

more accurate information about the particle with comparatively large shifts
in it in relation to the sighting plane, As compared to the sowrce of non-
coherent radiation the sources of partially coherent radiation produce an
increase in the effective depth of the counting volume by more than an order,
while as compared to the coherent sources they make it possible to guarantee
the conditions for the emergence and recarding only of one (first) diffraction
ring (see the densitogram in fig 1, d), whereby it is found 516:] that its
width has 1ittle dependence on the particle sizes, and is on Yy linked to the
positlon of the particle in relation to the sighting plane with displacements
in the microobJjects all the way to units em. :

Trlevision images of spherical particles with radius 26 and 20 pm displaced in
relation to the sighting plane by 3 mm axe obtained in fig 2,b with the help
ol a bright-field TV microscope based on a vidicon and source of impulse
illumination with length of coherence (6-7) X, where A% 0,45 um, The photo-
graphy illustrates the possibility of confident recording only of the first
diffraction ring, The intensity of the other rings is found on the level of
TV tube noises., To the left on the photograph an image of spheres of the same
nize as those in the sighting plane is visible,

"'he vldeosignal from the intersection of the defocussed image has the appearance
uf a bipolar impulse, which makes it possible to automatically determine the
locatlon of the object in relation to the sighting plane (with respect to

the width of the ring), precisely detexmine the size and concentration of

the objects falling outside the sighting plane, as well as “electrically"
regulate the size of the counting volume along the microscope axis [1&]. It

is necessary to note that the value of the peculiarities indicated above in
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Figure 1, Densitograms of Image of Microsphere for Fresnel's Reglon (a),
Intermediate (b) and Fraunhofer (o) with Coherent Illumination and
for Fresnel's Region with Partially Coherent Illumination (a).

Keys
1. Width of ring

8) _Y) 0)

Figure 2. Television Images of Microspheres with Partially Cohexent Bright-
Field Illumination (a, b) and After Spatial Filtering (cj.

the structure of the diffraction pattern of the microobject illuminated by
partiaily coherent light has a more general nature since it provides the
prerequisites for the création of holographic systems operating in a real
time scale [15], and for an improvement in the accuracy of the Knollenberg
shadow spectrometers due to the electrical selection of signals from the
defocussed particle images.

Thus, the examined method of obtaining and analyzing a TV diffraction picture-

microhologram obtained with partially coherent illumination makes it possible
to solve the problem of the automatic processing of defocussed lmages of
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the microobjects, A shorteoming of the method xemains the velatively low
information content (frequency of changing the subjects ocannot excesd the
frequency of frames, while the size of the frame is limited by the required
resolution), as well as the small uppexr limit for measuring the motion
volocity of microobjects (on the order of units of om/s with magnification
of the microscops of tens of times) that is governed by the peculiarities of
the exposure of the photolayers in thebright field pattern,

The method of recording the tracks of rapidly moving particles that is usually
realized with illumination by the method of a dark field through racording

on a photolayer of a sequence of spots of radiation scattered by the micro-
object does not solve the problem sinece the task of measuring the object
dimensions requires preservation of information if only about its contour,

We will examine one of the ways to overcome the indicated limitations,

Spatial Filtoring of Images

As noted, the pattern of bright field is inapplicable since each successive
impulse (from the bundle of light impulses during the reverse course of the
frame scan) will “"erase" the previously recorded potential relief on the
photolayer, With the help of track methods an undistorted image of the
microobjects is not sudcessfully obtained, and in addition, separation of
the boundaries of the counting volume is very complicated.

Nevertheless, the use of the modern methods of optic processing of images
makes it possible to obtain in a pattern of a dark field clear images of the
contours of objects, and at the same time, additional information about their
spatial position [13]. Those images possess such properties that are obtained
after double differentiation of the initial image, As is apparent from

fig 2,c with the realization of'the second derivative the contour of the object
is formed as a dark line surrounded from both sides by bright bands; the

dark line stresses the smallest details of the surface structure of the miﬁro-
object,

The experiments not discussed here show that although with defocussing of the
similarily formed images there is a certain widening of the contour line and
the bright bordering bands, the center of the line corresponds to the contour
of the focussed image, while the width of the bright bands can sexve as the

criterion for a shift in the object in relation to’ the sighting plane, Thus,
the transition to a dark field pattern by spatial filtering of images makes

it possible to obtain more complete information about the moving microobjects
(size, concenrtration, shape, velocity, direction and trajectory of movement),

'V Devices

The application of the new approaches examined above to the use of image
methods made it possible to cxeate a number of automatic TV analyzers of
moving microobjects that are distinguished by fairly high accuracy of measure-
ments, as well as comparative simplicity and universality,

128

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100080016-5

FOR OFFICIAL USE ONLY

b)

Figure 3, Overall View of TV Analyzers of Moving Microobjects Based on
Superorthicon (a) and Vidicon (b)

Figure 3,a shows a photograph of the TV monitor "Mars" for measuring the
disperse composition of aerosol particles assembled on the base of an LI-225
superorthicon, a PTU-101 industrial TV unit, and bright-field microscope
optics. The monitor is equipped with a set of standard microlenses with mag-
nification 1-10* selected remotely from the control panel, and heaters of
microscope optics to prevent their "sweating" durlng operation in cold
chambers and media containing aqueous asrosol, The automated operating cycle
of the instrument is preset by a timer that synchronizes the operation of the
impulse condenser, the television-computer device, and a 10-channel storage
block with output of data onto digital reading and a punch-card machine, The
neasurement range gf the microobject dimensions is 4-1000 um with concentra-
tion of them to 107 cm-2

The TV monitors on modern superorthicons provide "signal-noise" about the
size of 10 and the x»emaining signal with frequency of exposure 50 Hz in the

second half-frame less than 10% of the main, but do not always meet the
requirements of high homogeneity of the background and compactness of the
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apparatus, and are also complicated to ‘tune and operats, In this sense the
Ampulse TV analyzers on vidicons guarantee the best indlices [_13]. Howevex,
their increased drift reduces the frequency of information output from 50

0 10-20 Hz, while the reduced sensitivity requires higher energy of flash
of 5-10-fold,

The universal TV analyzer based on a half-inch vidicon shown in flg 3,b can
operate in a pattern of bright and dark fleld (with filtering of the lowest
spatial frequencies in the limage spectrum); it has a bullt-in generator of
bundles of powerful light impulses which makes 1t posaible, in addition to
visualize and measure the dimensions and concentration of particles, to

control their velocity and direction of movement in the velocity interval of
4-500 em/s.

Examples of Using TV Technology

We will examine a number of examples of the spscific application of TV devices
in the practical research of the Instltute of Experimental Meteoxrology.

a) b) c) d) e)

f) e) h) 1)
Figure 4, TV Images of Crystalline Fog Particles

1. Microstructure of crystalline fog. One of the promising trends in the
use of TV impulse devices is the study of the dimensions, shaps, orientation
and velocity of movement of crystalline cloud and fog particles. Figure 4
presents individual TV images of crystals formed in several seconds after
the effect of artificial nuclei of crystallization (silver iodide) on super-
cooled aqueous fog in a 100 m® thermobarochamber.
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The scale of the images shown in fig 4 b and g refers respectively to the
upper and lower series of photographs, The use of partially coherent illu-
mination of the working volume of TV monitors made it possible to obtain
fairly shaxp images of the particles even when they were comparatively fax
from the sighting plana, For example, the particle in fig 4, 4 is at a
distance on the oxdexr of 1,5 mm, The field of gravity forces on all photo-
graphs is directly downwards along the plane of the photograph. In figure
4 b and h the arrows indicate the direction of flow mowement,

Analysis of these and othexr TV subjects indicates a number of peculiarities
of the microstructure of crystalline fog that were previously not discussed

in the literature. Thus, under certain conditions of influence roughly 50-60%
of the total quantity of the observed crystalline particles are aggregates © -
made of two-four erystalline particles of simple shupes, It is important

that the aggregates are formed primarily by the contact of incoming pleces

of crystals, and apparently can be broken down durinys their setitling on
the backing. ‘

Figure 5, Individual Examples of Use of TV Monlitors

It is important to also note that judging from the readings of the TV moni-
tors a crystallized cloud always has a noticeable number of particles of
spherical shape (see the subjects of fig 4, e, g, 1i).

2, Spatial distribution of drops in fog, In various types of theoretical
models of microphysical processes in clouds it is usually assumed that the
distribution of droplets in space is subordinate to Poisson's statistics.
It is evident that the most suitable for the pumposes of verifying this
hypothesis -1s the use of TV analyzers that have a small optically formed
working volume, Corresponding tests [8] in a cloud chamber 3200 m® in
volume with a TV counter [7] that has counting volume of 0,05 mn® con-
firmed that during the formation and dissipation of "adiabatic" fog the
spatial distribution of drops 3-22 um in diameter can be described by
Polsson's statistics. ‘
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3, Precipitation of crystalline paxrticles on charged bodies, The TV sub-
Joct in figure 5, & 11lustrates the result of precipitation of partlecles
of a crystalline cloud on a single negatively charged sphexe (intensity of
the olectrionl field on the suxface aboub 6 kv/em), Tt is apparent that '
the precipitating particles form unigue branches with branching shoots., It
is important that the intensity of precipitation and the configuration of
the branches depend not only on the amount, but also the sign of the chaxrge
of the sphers, In [19] the annlogous technique was used to investigate the
olactrostatic procipitation on a sphere of liquid dxops.

L, Formation of drops in a generator with vibdrating needle, Figure 5, b
depicts the possible operation of a TV monitor as a TV stroboscope, and
simultaneoualy the possibility of obtaining information on the particle di-
monsions with dark field illumination, The first is attained by synchro-
nization of frequencies and phases of the needle oscillations, periodically
immorsed into a'éapillary with watex [12], the frequency of the flashes of
the impulse condenser and frequency of the frame scan., The second effact
1s attained by illumination of the droplets at angles from 0 to 2t with the
help of wide-aperture optles, The frequency of genexration of the drops

30 pum in diameter equals 250 Hz,

5, Recondensation for evaporation of crystals, With the help of a TV monltor
operating in a pattern of impulse dark field exposure for the first iime
observations were made of the phenomenon of formation of a tail of secon-
dary drops behind a crystal moving in a beam of radiation of a carbon

_ dloxide laser with density of power about 1 kw/em® [3]. The working volume
of the TV monitor (1.2x0.,8x0,25 cm®) was formed in a laser beam with exposure
by three flashes of ISSh-100-3 impulse lamps lasting 2 ps and frequency 1 kHz,
As is apparent from the TV subject on figure 5, ¢, during evaporation of the
ice crystal 40 pm in size in less than 1 ps (with air temperature -20°C) a
tail is formed of recondensed small particles, while the crystal during
evaporation begins to move in the direction of the radiation spread.

In conclusion we will note that the TV methods are efficient also with
cutomated measurement of the structure of various types of mlcroheterogene-
1ties on backings or slides, in particular, in an analysis of aerosol samples

vn a slide ] and tracks of fragments of nuclear fission on solid track
detectors '
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uno 551.509.615:(182.2+183.022)
FOG DISSIPATION WITH THE HEIP OF SURFACE-ACTIVE SUBSTANCES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 106-112

[Article by Doctor of Physical and Mathematical Sciences M. V., Buykov, and
Candidate of Physical and Mathematical Sciences V. I, Khvorost' yanov,

Ukralinian Seientific Resaarch Hydrometaorological Institute, submitted for
publication 11 Jul 78]

Abstract, A survey is made of the theoretical and experi-
mental works on fog dissipation with the help of surface-

active substances, and the outlook for further research is
discussed, '

['I'ext] Dissipation or prevention of formation of fog is of great value for
guaranteeing the operation of aviation and other types of high-speed trans-
portation, Currently, methods have been developed and are being used in
practice for dissipation of supercooled (temperature below -3°C) fog., Super-
cooled fog is in the metastable state, and introduction of ice crystals into
the fog in the necessary concentration results in the disappearance of dxrops
and improvement in visibility, Operational systems of supercooled fog dissi-
pation are working in a number of airports in Ewrope and North Amexica,

However the majority of fogs are warm (over the European territory of the
Soviat Union--70%, on the territory of the linited States--95% (13, 30]).
Although fairly many methods have been profosed for improving visibility in
warm fog [20,30 » only the methods based »n forced evaporation of drops
(thermal, hygroscopic, use of helicopters) have reached the stage of field
experiments, while the thermal method has been practically employed in
certain countiries,

The method based on introduction into the fog of vapors of surface-active

substances (SAS) is the most attractive in many respects, Modification of
the surface of cloud particles by SAS can influence the processes of fusion
and fragmentation of drops, or the processes of condensation or evaporation

by réducing the coefficient of water condensation. Only the latter effect is
important for fog,
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The introduction of SAS vapors into the volume of alx beforxe fog formution
and their adsorption on the suxface of cloud nuclel of condensation must
lowar the coofficlent of condensation, strongly retard their condensation
growth under conditions of changing humidity, and delay their transformation
into cloud drops [12], Since under natural conditions air cooling and
inereass in the relative humidity can be continued, then a »eduction in the
activity of the nuclei by SAS vapors can prevent the formation of fog only
during a cexrtain time interval, The introduction at this stage of a small
number of unmodified condensation nuclei can result in fog formation with
larger drops and greater visibility range.

Tt is suggested in [27] that the SAS vapors have the strongest effect on
activation of the smallest nuclel, while activation of & small numbex of
large nuclei results Jn the formation of fog made of laxger drops.

Over 20 years have passed since the formulation of the ldea of passivation
of condensation nuclel for the purposs of fog dissipation, and in this time
a laxge volume of theoretical, laboratory and field work has been carried
out whose analysis will also be covered in this survey,

Theory of condensation growth of passivated drops. The fundamentals of the
theory of passivation of the condensation growth of an individual drop in an
atmosphere conﬁainin SAS vapors have been developed by B, V. Deryagin and
Yu, S, Kurgin (9, 25i. With the help of the method of the boundaxry sphere
to describe the transfer of molecules of water and SAS equations were
obtained for the change in radius r and the degree of filling of the mono-
layer S, In the equation for the velocity of drop growth the experimentally
established fact (23] is taken into account that with the attainment of §

of a certain value Sk a very rapid reduction in ¢ occurs, Therefore one
can approximately assums that with S<Sk (i.e., in the presence of the
adsorption layer) a=q,. For cetyl alcchol Syp0+976 (23], @ =3.5+20"5 8, 18]

An important role in the problem of passivation is played by the critical
oversaturation of water vapor A [9, 25] that is defined as supersaturation
during which breakdown of the SAgpcondensation monolayer occurs on the
growing drop. 1In [9, 25] the critical sapersaturationwas determined with

the help of a study on’the asymptotics of the_solution to the Deryagin-
Kurgin equations with great times, and in [10]--by a qualitative analysis

of the equations the_lower and upper limits for were established, 1In
publications [10, 17] it was assumed that duringsdﬂirsaturationequal to the
critical, the degree of filling of the monolayer is not altered with time,
and by this method an explicit expression was obtained for A, on the con-
1ition that absorption occurs in a diffusion pattern, while ¥ge growth of

the drop in a kinetic pattern. Calculations according to this formula yield
for the main fraction of nuclei of condensation (0,08-0,27 um) values of

A, =4-12%, These calculations did not take into consideration the presence
of*Balt in the drops. Howsver, the calculations made in (29, 31] with

regard for salinity, with somewhat different hypotheses yielded approximately
the same values,
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In the majority of publications the Dexyagin-Kurgin equations were solved
with the starting eondition S, =1, which ocorresponds to the complete filling
of tha monolayer, It is impokgant to also examine that case whexs ths non-
passivated drop is carried into an atmosphers supersaturated with water vapor
and containing SAS vapors (s(o)-oE. The molution to thems equations with
such a condition was obtained in [5] by approximate analytical and numexrieal
methods, It was shown that during supersaturations that considerably exceed
the typlcal values for real fog, the passivation time is shoxrtt for the
starting radius r,=20 pm with 8=0,7% S reaches tha value S, . in 200 s, where-
by the drop radiug is increased less than 2-fold, With supérsaturations
typical for radiation fog, the passivation time does not exceed several tena
of seconds, and the radius of the drop is increased by several percents, It

is shown in [5] that the passivation time is proportional to the initial drop
radius,

Laboratory studles of growth in passivated drops, The first experimental
data that confirm the existence of the passivation effect were obtained in
L12, 23]. Detalled experimential studies of adsorption of cetyl aleohol vapors
during the growth and evaporation of individual drops of water and saline
solutions 2, 150 and 300 pm in size are describded in (8, 18], Besides the
condensatlion coefficlent for a passivated drop & the amounts of the diffu-
slon coefficients and pressure of the saturated 3apors of cotyl aleohol,

the equilibrium adsorption constant, and so forth were determined,

The experimental values of the critical supersaturation determined by the

different methods (7% [18], 5-6% [16], 5-7% [19]) agres well among themeelves
and with the theoretical values given alove, .

The passivation effect of condensation growth of drops growing on condensation
nuclsi vas confirmed with the help of the method of flow ultramicroscopy 21]
different-temperature diffusion flow chamber [19], jet method [1,2], In [1,2)]
it was shown that in the interval of moisture 80-100% passivation of nuelei
nade of aluminum chloride results in a reduction in the modal radius and
dispersion of drops grown on modified nuclei.

If the initlally passivated nuclei grow in the atmosphere that does not con-
tain cetyl alcohol vapors, then, according to [2] breakdown of the mono-
layer occurs in 3-4 s,

Experimental studies of the passivation process in fog chambers. All the
studies with individual drops were conducted either with fixed supersatura~
tion or with fixed humidity and diminishing supersaturation (gxrowth in drops
on hygroscopic nuclei), while the formation of natural fog occurs under
conditions of growing relative humidity, which is governed by air cooling,

In addition, in the formation of drop distribution with respect to sizes

a broad spectrum of cloud nuclei of condensation participate, whereby the
adsorption of SAS vapors can have a varying effect on the nuclei of different
sizes, This makes it necessary to conduct theoretical and experimental
studiss on the SAS action under conditions close to the real, Research in

fog chambers that to a certain degree simulate the real conditions serve this
purpose.
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The first experiments to study the growth in passivated nuclei of condensation
in fog chambers were made in flsj. It was demonstrated that the modifieation
by SAS vapors of the insolubls condensation nuclei does not affoct the pro-
perties of the forming fog in the adlabatie chamber, Fog formation on
passivated soluble condensation nuelei in [15] was investigated under isom
thermic conditions with a rise in hunidity not reaching 100%, whils in [16]--
in and adiabatic chamber, The delay time in fog formation undér the influence
of isothermlic conditions was 45 s, and under adiabatic conditions-«3-4 5,
This difference in the delay times can be explained by the fact that under
isothermic conditlons the nuelei grow with humidity not greater than 100%,
approach the equilibrium size, and the monolayer is not punctured, During
adiabatic cooling the rate of growth of supersaturation is 1,4%/s and within
3=l s reaches the eritical supersaturation, after which the monolayer is
broken down and growth oceurs in the absence of passivation,

A reduction in optic density of fog during the action of isothexmic conditions
is explained by the fact that the time for reaching the equilibrium size of
the drop growing on a particle of salt is inversely proportional to the

water condensation coofficient that for passivated nuclei is by several orders
smallor than for the controls [8, 18], Therefors for short cbservation times
in [16] the dimensions of the drops that grew on passivated nuclei will be
smaller than on the controls,

A detalled study of the effect of cetyl alcohol vapors on fog formation in an
adiabatic chambor was made in (28], 1In one series of experimants SAS was
added to a chamber containing a formed fog, Then compression was carried out
in the chamber during which a monolayer of cetyl alcohol was formed on the
fog drops, After compression expansion was started that lasted about 25 min,
then the fog began to dissipate as a consequence of the warming of the chamber,
The difference between the development of passivated and nonpassivated fog in
visibility range and in drop distribution with respect to sizes was observed
both during comprassion, and during expansions visibility in the passivated
fog was worse than in the controls the drop spectrum was narrower, while the
number of drops was greater in the passivated fog, By the end of the stage
o.' expansion the properties of the passivated and control fog were identical,
A natural breakdown in the passivated fog occurred slower than the control,

In the other series of experiments the vapors of cetyl alcohol were intro-
duced into the chamber before the beginning of expansion, i.e., passivation

of the condensation nuclei occurred. After a 30 minute delay expansion
occurred,

"he visibility range in the passivated fog was greater than in the control,
luring the first 10 minutes of expansion (fig 1), In 2.5 min the visibility
range in the passivated fog 2,5 km, in the control--0,6 km, After 10 minutes
the properties of both fogs begin to coincide, The natwural breakdown of the’
passivated fog occurs more slowly than that of the control,

Based on these experiments [28] draws a conclusion about the unsuitability
of passivation to prevent fog formation,
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Figure 1, Visibility Range (feet) in Passivated (1) and Control (2) Fogs
Méasured in Fog Chamber, Expansion in Chamber Begins with t=0

(Figure taken from publication [28)),
Numerical Modeling of Evolution of Passivated Fog in Chambers,

In publication

[31] the results are given of a numerical solution to the Dexyagin-Kurgin
equations, equations for temperature and supersaturation, Coxrections were
made in the equations for valocity of condensation growth of drops for +the

curvature and salinity of drops,

At the starting moment in time all the nuclei were located in equilibrium
with the medium with 98% relative humidity, and were covered with a monolayer
of cetyl aledhol, It was assumed that the chamber was £illed with catyl
alcohol vapors whose summary amount in the vaporous phase and adsorbed state
was not further altered, In certain calculations the cetyl alcohol density
vapor exceeded the saturation and the condensation of catyl alcohol on the
surface of drops was taken into consideration. The majority of calculations
were made with veloeity of cooling 2°C/h until fog formation and 0.75%/h
after its formation, The problem was solved for one sea (total co

gcentration

433 em=2) and two continental spactra of nuclei (1000 and 4000 cm ).

The ¢alculations demonstrate that with the start of cooling supersaturation
begins to rise, reaching for the sea spectrum of nuclei the maximum value

- 0,11% in the control fog and 2-9% in the passivated fog depending on the
initial concentration of SAS vapors, A sharp drop in supersaturation in the
passivated fog further was governed by a puncture in the monolayer on small

drops (according to [10], A
in the rate of condensation

"~Xo With small r,), which results in an increase
“Zrowth a hundred t3nés. As & £esult of thir p

drops with destroyed monolayer begin to overtake the passivated drops in

their growth,
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Figure 2, Visibility Range (m) in Control and Passivated Fog, Computed for
Conditions of Fog Formation in Expansion Chamber with Starting:
Rate of Cooling 2°C/h; Sea Type of Spectrum of Condensation
Nuclei, Different Starting Concentration of Cetyl Alcohol Vapors
in Chamber Correspond to Different Cuxves, (Figure taken from
publication [31]).

Keys

. 0 b, 10710 g/en®
3. 8:10-11 g/en® :
Figure 2 shows the dependence of visibility range on the time for different
starting values of density of cetyl alcohol vapors. The visibility range
in the passivated fog is higher than in the control until the monolayer begins
to break down on small drops, then it is sharply reduced and becomes 2-3 times
narrower than in the control fog, The duration of existence of the improved
vigibility in the passivated fog depends on the starting concentration of
cotyl alecohol vapors and for nucléei of the sea type comprises from 20 to
70 min, For nuclei of the continental type the general nature of processes
is preserved, however an exacerbation of visibility occurs somewhat earlier.
On the whole the results of these calculations are in qualitative agreement
with the experiments described in [28],

Analogous calculations for drops formed on sea nuclei of condensation and
passivated by natural means are given in [29], :

Calculation of the growth of a group of passivated and nonpassivated drops of

ure water in a ber (stapting radius 1 concentration--500 cm-3
of cooling 1,7°C/h) made(in l?jgon the coniition of the existzgce or 4 T
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monolayer at all moments of time, showed that within 20 min the sime of
the passivated drop is two times smaller than the nonpassivated, and within
1 h their dimensions coincide,

Results of field experiments, Experiments undex full-socale conditions to
prevent fog with_the help of SAS were made in Australia and the Soviet Union,
In Australia [24] the experiments were made over reservoirs located in
connecting mountain valleys up to 600 m deep,and up to 20 km long, The modi-
fication was carried out during the entire night from 21,00 to 6,00-7,00
with the help of an aerosol generator with output of 25 kg/h that discharged
into the atmosphsre submicron particles of higher aloohols, A total of four
experiments were made, In two of them in the reglion of operation of the

- genexrator no fog was formed, in one an elevation was observed in the lower
boundary of fog at altitude 100 m and rain in the zone of operation of the
gonexrator, and in the last test the entire arm of the mountain valley in
which the generator was located was entirely clear of fog, During the carrying
out of the work in eight cases fog was obsexrved that was not modified, In
viewing these observations as the control expeximents the authors Eau] came
to the conclusion that the experiments wexe suceessful in having an effect
since only in one of the control casas was a continuous fog formed in that
place where no influence was made on the fog, However, the authors note that
in two cases the movement of air was not in that direction where the dissi-
pation occurred, and in thres cases out of four the volume proved to be
free of fog that could not be passivated with 25 kg/h output of the reagent,

Fog that wasmodified as described in [24] 1s not radiation fog, but is
formed as a consequence of the establishment of breeze circulation in the
nountain valleys filled with water; during the night the valley slopes are
colder than the mirror of the reservoir and runoff of air from the slopes
must result in the emexrgence of ascending currents, In fact, according to
(24] the fog 1is always formed at a certain altitude and is lowered to the
water surface, i,e., is a cloud with descending lower boundary, while the
radlation fog is generated near the earth, In this case, passivation of the
nuclei by SAS vapors_must result in the elevation of the lower boundary,
According to [17, 31] delay in fog formation can be about an hour, with
ascending movements about 3 cn/s this results in an elevation of the lower
boundary by 100 m.

Two series of experiments were conducted in the USSR,

In 1971 a group of Odessa University set up tests in the region of Baryshevka
settlement in the Kievskaya oblast. The reagent (shsbekinskiy alcohol cl -
C,,) was introduced with the help of an aerosol generator with capacity 7
z§a g/h. The fog that was .modified wasg generated in the valley of the
Trubezh River and its thickness did not exceed 4 m, The modification was
started before the fog formation ; to evaluate the affect the method of
control and experimental area was used. Sixteen tests were made on the
modified area and 6 observations wers bade of natural fog development,

lon as compared
to the control was 20-70 min, Under natural conditions fog developed the
same on both sections [22, 267,
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In Ssptember 1972 experiments on fog dissipation with the the help of SAS
ware set up by the group of the Institute of Physical Chemistry of the USSR
Academy of Selences in the floodplain of the Seym River in the region of
Ryl'sk [11. 26]. Photography oarried out from a balloon demonstrates that
around the amrosol generator in the fog thexe is & dark spot indicatigg.
apparently, the fog dissipation, The area of the spot is 3500-5000 m® (aceor-
ding to special report of the executors) and the visibility range in this

zone was improved 3-l4-fold,

The field experiments made in the USSR strongly differ in the moteorological
conditions from the Australian expexriments therefore it is impossible to
compare them,

Delays in fog formation (20-70 min) attained by the introduction of SAS in
the tests made by the group of Odessa State Unlversity are comparable in
amount to the results of caleulations for the chambers (27, 31], although
they also considerably exceed the experimental value (10 min? obtained in
(28], It is possibla that this difference is governed by the too great
cooling rate in [28], '

From the description of the tests made by the groups from Odessa State Uni-
versity and the Institute of Physical Chemistry it follows that evidently

in the zone of SAS generator action the fog is not formed at all,and the
delay time was determined according to the flow of fog from the control area,
Apparently, passivation of condensation nuclei resulting in the growth of
supersaturation of the water vapor in the zone of generator action can
intensify the precipitation of dew on the soil (condensation on the soil) and
at the same time create a certain dehydration of the near-surface air layer,
With the coefficient of turbulent exchange 5 enm /s in an hour a layer can be

dehydrated of about 2 m, which is commensurate with the thickness of the fog
deseribed in [22].

Numerical modeling of evolution under natural conditions of passivated
radiation fog, The model that takes into consideration the main meteorologi~
enl factors that affect fog development, and that permit a description of the
kinetics of the processes occurring during the effect on fog by SAS vapors
his been developed in [3, 4, 6], The system of equations of the model in-
cludes equations of dynamics of the planetary boundary layer and equations

of transfer of heat, moisture,and long-wave radiation; it takes into account
the heat and moisture exchange with the soil,

[n order to describe the microphysical processes in fog the kinetic equation
is used for the function of drop distribution according to dimensions, The
model makes it possible to .compute .as +the functions of altitude and time

the temperature, humidity, wind velocity, coefficient of turbulent mixing,
rate of radiation cooling, as well as the microphysical charucteristics--
supersaturation and drop spectra. The use of this approach to simulate the
natwral development of fog made it possibls to describe many observed features
of its development, as well as to predict a number of new effects [3.&,6 .

Due to the insufficient power of the computer the model does not ¢ompute in
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Figure 3, Concentration N:105 g-1 (1) and Mean Radius x (2) of Drops;
i
Water Content g g/kg (3)1 Rate of Radiation Cooling (_T) «x

10=30¢ /s (L4)} Visigility Range 1102 m (5)} SupersaturafiBR
'20"%g/ka} 4106 g/kg (6)3 t=l h 40 min, I--with modification;
II--without médification,

detail the process of activation of condensation nuclei and their transfor-
mations into drops, in particular, it does not consider the effect of curva-
ture, salinity and reverse transition of the drops into nuclei, However, the
delays computed in [17] for passivated drops of pure water are close to the
delays found with precise computation of passivated condensation nuclei [_31].

Calculations of the evolution of modified fog were made with the following
values of parameterss velocity of geostrophic wind--3 m/s, initial humidity-~
90%, temperature on surface 10°C, the calculations were made for night con-
ditions. The atmosphere contains SAS vapors whose concentration is sufficient
for formation of a saturated monolayer on fog drops. As shown in [5] the
formation of a monolayer occurs in the time that is much shorter than the
characteristic time for fog formation, therefore from the moment of SAS intro-
duction the drops were considered passivated,

In the calculations at first a reduction was observed in the temperature of
the soil and adjacent air layer governed by the radiation cooling, and with-
in 1 h 10 min--fog formation. Figure 3 presents the condition of the fog
in 30 min of its development (1 h 40 min from the start of metering) when
the greatest difference is observed in the development of the modified and
control fogs, The greatest increase in visibility range (1.5-fold) 1s
reached at altitude 10 m, In the lower 20-meter layer the mean drop radius
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and water content are lower, while the dxop concentratlon is groater in the
nodified fog than in the control, This is explained by the deceleration in
drop growth, howevér nob by thres orders as it should be in coxrespondence
with the change in condensation cosfficient, As follows from figuxe 3,
supersaturation in the modified fog is 100 times greatex tharefore the rate
of growth during modification is only 1,5-fold less, An analogous increase
in supersaturation in the passivated fog has been established in lej. Thus,
the fog as a thermodynamic system is subordinaté to the Le Chateller prin-
ciple, according to which in the system subject to extexnal modificatlon pro-
cosses emerge that strive to compensate for its effect [14], The somewhat
lower increase in the visibility range in this model as compared to the
calculations for the chamber‘[17. BEﬁ s governed by the fact that passi-
vated drops carried into the region of negative supersaturatlon are evaporated
slower and tha number of completely evaporated drops is reduced on the uppex
voundary of the fog, l.e., their concentration increasea, This same effect
explains the great thickness of the passivated fog,. and the existence of its
upper layers in negative supersaturation,

With the further development the visibility in the passivated fog ls worse,
while its thickness is greater. In those cases where the natural fog is
separated from the earth and is converted into low . clowdiness, during modi-
fication near the earth the fog is presexved with visibility range 300 m.

Numerical experiments were also conducted where the introduction of a reagent
into an already formed fog was simulated. Here it was established that the
increase in the visibility range was smaller than in the case examined above,

Thus, the results of the numerical experiment on fog simulation agree with
the results of the calculations for chambers and chamber experiments [17,
28, 31]. and predict a number of new effacts governed by the intensification
of colloidal stability of a passivated fog.

Conclusion, The research carried out in the last 20 yearson the use of SAS
for fog dissipation shows that this method can result only in the delaying

of fog formation, Modificationof the formed fog intensifies its colloidal
stability,

Exporimental studies in chambers and numerical modeling of .fog formation for
conditions close to the natural demonstrated that an improvement in visibility
in the passivated fog lasts longer than an hour, Although in field experi-
ments made in Australia the improvement in visibility lasted for several
hours, however the authors express doubi as to the reliability of the findings.
In Lhis respect the thorough verification of the hypothesis advanced in the
article about the more abundant dew precipitation resulting in dehydration of
the lower air layer in the zone of passivation of condensation nuclei, in
particular for thick fogs is of great importance, Unfortunately, as of yet
the idea about the introduction of additional condensation nuclei into the
gone of passivation to reduce the excess supexsaturation of water vapor has
not been realized, For this purpose one can use, for example, the insoluble
condensation nuclei, which according to [15], are not subject to passivation,
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In oxdex to obitain the final conclusion about the effectiveness of using
SAS for fog dissipation it is necessary to continue the full-scale studles
providing tests with a full set of measurements of fog characteristics and
meteorologioa)l parameters, In the area of theory the primary task is
numerical modeling of the effect on fog with a detalled description of the
process of activation of condensation nuclel and fulfillment of calculations
for the conditions close to the conditions of carrying out the experiment,
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UDe 551,5(092)
IN MEMORY OF THE 90TH BIRTHDAY OF SEMEN,IVANOVICH THOITSKIYY
Moscow METEOROLOGIYA I GIDROIOGIYA in Russian No 5, May 79 pp 113-115
[Article by V. M, Mikhel' and A, S, Korovehenko]

Abstract, Brief information is given about the

sclentific-pedagogical activity of S, I. Troitskiy and
blographical data about the scientist, :

[Text] One of the leading Soviet meteorologists of a broad profils, S. I.
Troitskiy was born on 9 February 1889 (according to the New Style) in St,
Petorsburg in a professor's family, After graduating from the mathematical
department of the physical and mathematical department of Potersburg Univer-
slty in 1912 he remained in the department of physics for training to be a
professox, but in 1913 he was drafted into the army and was sent to the
battalion of aeronautical officers school in St. Petersburg,

The scientific research activity of Semen Ivanovich in the field of metseoro-
logy began in the years of World War I where, being the senior officer of
the asronautical unit he conducted aerological observations during air
reconnaissance, Troitskiy was at the front until the end of 1917, while

from the first days of the formation of the revolutionary aeronautical details
in 1918 he entered the Red Army in whose ranks as a military aeronaut he

then took active part in the defense of Petrograd against the attack of
Yudenich, After finishing aeronautical school he remained in it as a teacher
and head of the physics® laboratory, then worked as the head of the training
section, and finally, in 1918-1919 was the head of this school, The asro-
nautical school became the forefather .of -domestic aeronautics and aviation,
and within its walls the air force glory of our Motherland was born., Here
M. M. Pomortsev and N. N. Kalitin worked in various years as teachers and
used the training flights of the aerostats for atmospheric ressarch; they

hen became major scientists of our country. Here Semen Ivanovich also
continued to be involved in scientific work.

In 1920 at the invitation of the head of the asrological observatory .

he began to work as a physicist of the observatory in Pavlovsk, then--in
the departmeni of the network of aerological stations of the geophysical
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obsexvatory, At the same time he also worked in the fisld of militaxy
meteorology whexe he wasalso a major specialist, while up to 1927, being
continuously in active militaxry sexvice in tha Red Army, he conducted re-
search in the fisld of military asronautios,

Having an oxtensive knowledge of the needs of aeronautiocs S. I. Troitskiy

on the basls of oven more combat exparience of military aevonautics wrote

and published the followlng works on using the resources of asronautics

"0 glubokoy razvedke s asrostata" [Deep Reconnaissance from an Aerostat
(1917) and "Boyeyaya sluzhba privyaznogo aerostata" [_'Gom‘oat Sexvice of the
Captive Aerostat] (1919), 1In the latter he paid a lot of attention to studying
the moteorological conditions of the asrostat operation, His works on
studying the atmosphere are associated with activity in the field of aero-
nautlics, In one of the works on atmospheric physies that Semen Ivanovich
considered "his first serious independent work," in the article "Question

of the Structure of an Air Wave" (1920),based on theoretical studies then
confirmed experimentally with the help of special apparatus he came to an
important conclusion about the asymmetry of an air wave that consisted of the
fact that " in an air wave there is a goneral striving observed towards a
sharp rise in the wind with strong gusts in the anterior saction of the wave
(frontal impact) and comparatively slow drop with emall gusts to the reax
section,” 8. M, Troitskiy roturned many times to this trend of research
that he developed, but already in terms of studying the change in gustiness
of wind with altitude under different metaorological conditions, using the
captive aerostat for this,

Semoen Ivanovich viewsd the air waves not as a purely local phenomenon, but

considered that they "...encompass a fairly considerable nass of the atmo-
spherae,”

S. I, Troitskiy paid a lot of attention also to questions of eloud physics
and he made many flights to study them, One of these flights was his five-
hour flight jointly with the pilot Ye. D. Karamyshev and two auditors of

the aeronautical school that was made from Luga on 21 July 1923,the day when
the clowd cover bore a thunderstorm nature, The aerostat entered a thick
cumulus, and then was between thres thunderstorm clouds from which thunder
was heard, During the descent of the aerostat under thunderstorm conditions,
as a result of the severe training, as Semen Ivanovich noted in this article,
some of the asronauts suffered, In this flight the experimental studies were

accompanied by sketches, a description of the clouds, and observations of
the movement of the stoxrm foci.

The works of Semen Ivanovich on asroclimatology linked to the sexvices of
air transport are very valuable, He developed a method for aeroclimatolo-
glcal processing of the wind that later became widespread as the "Troitskiy
method." He provided the asroclimatic characteristics not only for a
number of individual points, but also for entire routes,

Jointly with 3, K, Ivitskiy in 1924-1929 S. I. Troitskiy organized the
network of pilot-balloon stations whose wind sounding data then served as
tho foundation for a study of the wind pattern in the free atmosphere in
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Figure 1, Teachers and Auditors of State Courses of Observers of
Metoorological Stations of the A, I, Voyeykov Main
Geophysical Observatory, Graduating Class of 1930,
Second row from left to right: Shillegodskiy, N. K., Ivitskiy,
S. K., Parskly, N. D.,, Kedrolivanskiy, V., N., Nachinkin, V., I,,

Nezdyurov, D, F., Troitskiy, S. I,, Berezkin, V, A, and Sapozh-
nikov, A, A,

aeroclimatic and aerosynoptic respects, Semon Ivanovich at this time also
wrote the first instructions for observations of pilot-balloons, For the
theory of the method of pilot-balloons whose application especially in
aerosynoptics and aeroclimatology was the focus of a lot of attention on
the part of S, I. Troitskiy,the laboratory studies on the peculiarities of
the distribution of resistance experienced by the balloon in calm and
turbulent flows (1922) that he conducted jointly with P. A. Molchanov are
vary valuable, These experimental data made it possible to explain more

s trictly the nature of the vertical movement of the pilot-balloons in the
«.mosphere,

The services of S. I. Troitskiy are especially great in the area of using
1 1 for yeather forecasting, loped t
ggggggg&f'%h gi‘t tugg depending gncﬁe ﬂgﬁzecﬁogeggdogge s aetggoigeo oﬁggntal
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tomporature gradisnt that consequently »eceivaed the title of the Troltskiy

theoxy, 1In the operational practice of synopiiocs the "rule of the drive

flow" is widely used that was eémpirieally formulated for the first time from

?he d§ta of pllot-balloon obsexvailons of S. I. Troitskiy and V., M, Mikhel'
1932),

Semen Ivanovich then developed a whole system for forecasting the synoptle
position based mainly on the data on wind changs with altitude, Already
in the very first years of the development of aexology the results of
aerological observations were useful for forecasting even in the presence
of these limited data,

S. I, Troitskly, an actual member of the scientific council of the Main
Geophysical Observatory sinee 1926 worked in the obsexvatory until the end
of his life (ho died 28 April 1934),

Semen Ivanovich was also known as an experienced and talented pedagogue, He
taught in the Higher Military Aeronautical School meteorology, physies and
the theoxry of aeronautics, and in the Institute of Engineers of Means of
Communication--applied asrodynamics, He was a lecturer of Ieningrad State
University and the head of the department of asrology at Moscow Hydro-
meteorological Institute; he worked as a teacher in the Air Force and Naval
Academies, in the Agronomical Institute and the Agronomical Technical School,
and for a long time taught aerology at state courses for observexr-meteorolo-
gists in thq Main Geophysical Observatory.

S. I, Troitskiy as a scientist.had a surprising combination of the fine
researcher-thaoretician and experimentsr, He was not bent by any work in
the field, at the test site, or in flight, and often participated in the
manufacture of apparatus as a mechanic, This was a man of excoptional
modesty, responsiveness and great personal charm,

Undoubtedly he would have done more than what we know, but his life was cut

short too soon, Much of what he succeeded in doing has firmly entered Soviet
moteorological science and continues to be successfully developed,
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UDG 551.508(092)
IN COMMEMORATION OF VIKTOR NIKOLAYEVICH XEDROLIVANSKIY'S GOTH BIRTHDAY
Moscow MEOROI.OGIle I GIDROLOGIYA in Russian No 5, May 79, pp 115-117
[Article by A, 8. Korovchanko, N, P.Rusin, and M, S. Sternzat]

Abstract, A brief blography is given and certain information
is presented on the sclentific, pedagogical and administrative
activity of the leading Soviet scientist and meteorologist

V. N. Kedrolivanskiy. .

[Text] The modern generation of meteorologists remembers Vikitor Nikolayevich
Kedrolivanskiy mainly as a pedagogue and the author of courses on meteorolo-
glcal courses and methods of meteorological measurements, Many of us heard
in different educational institutions the lectures of Professor Kedroli-

vanskiy, and studied the meteorological instruments in the textbooks written
by him,

Viktor Nikolayevich was born on 31 March (12 April) 1889 in St. Petersburg in
the family of a minor employse, After finishing the gymnasium he entered
Petersburg University in the physical-mathematical department, A year before
raduating from the university, 1915, he was accepted in the Main Physical
%later Geophysical) Observatory (GF05 in the department of observations and
irstruments as an adjunct, At this time Academician B, B. Golitsyn was the
director of the observatory and he attracted young physicists in oxder to
give the GFO research a greater physical direction, From this moment to
the end of his life (4 April 1952) the scientific activity of Viktor Niko-
layevich was linked to the observatory.,

In the first years he was entxrusted with work to verify instruments and
develop methods of observations., These were important works and in their
time such famous scientists as A, M. Shenrok, G. F, Abel's, S, I. Savinov
wnd D, S. Smirnov were involved in them, The following testimonial about
the work of thelr young colleague has been preserveds "Relating to his work
very thoughtfully and quite conscientiously, interesting himself in it
Viktor Nikolayevich took direct participation in all types of current work
of the department., The indicated circumstances permitted him to acquire
rich experience and knowledge both on questions of the actual meteorological
instruments, and on technique and verification" and furthers "work was done
to perfect the technique of verifying the ansmometers in an aerodynamic
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tunnal whose remults made it possible to put into ptéctice more afficient

verification methods," The asrodynamic tunnel then had Just staxted to
be used in verification, ‘

In 1918 Viktor Nikolaysvich was selacted a physiecist (solentific colleague
of the first olass) of the verifiocation department,

V. N, Kedrollvanskiy was an active participant of the reseaxch of the Noxth,
In 1921 the obsexvatory sent him to the Kara . expsdition in the oceanographic
team led by V. Yu, Vize to conduet hydrological, nateorological and magnetic
measurements. These measurements wexe made by him at Novaya Zemlya and on

the ship "Taymyz." Thus, in the ship's log of the meteorological obsexvations
it is noted that the "meteorological obsexvations on the ship 'Taymir' were
made alternately by three individualss V, Yu, Vize, V. N, Kedrolivanskiy and
N. 0. Yakobl," In the joint work of V. Yu, Vize and V. N. Kedrolivanskiy

that was published from the results of this expedition "Novyye dannyys po
gidrologii Karskogo morya" LNew Data on the Hydrology of the Kara Sea] ?ZAPISKI
PO GIDROGRAFII, Vol 47, 1923, pp 81-130) it is indicated that "the relatively
high temperature and salinity of this water leaves no doubt as to its Atlantic
origin," Redommendations are also given there for the measurement technique

on ships, and it is indicated that the"tachnique of observations of the

alr temperature on ships still awalts further study, It is possible that the
observations with the help of the Assman psychrometer are better made from the
nose of the ship than from the captain's bridge as is usually done," It is
appropriate to note that the technique of measuring air temperature even in

our time, when research is conducted with the help of marine scientific research
ships with modern measuring resources still requires improvement,

Viktor Nikolayevich participated in many other seientific expeditions associ-
ated to a considerable measure with the development of a meteorological net-
works they were made in the reglons of difficult access of Siberia, Trans-
baykal region, Yakutsk, Altay, the Arctic, on the islands of the north and
in the mountains of the Caucasus, On the expeditions V. N Kedrolivanskiy
carried out scientific work and at the same time fulfilled the commitments
of the senior inspector of the Main Geophyiscal Obsexvatory meteorological
station network, a position he was appointed to in 1923, The inspections of
Viktor Nikolayevich bore a broad nature, His detailed reports, besides the
materials on the results of the inspsction, contained notes of an ethno-
graphic and historical nature, and other important information, He always
noted new and useful seedlings that appeared in the deep regions of the
country during the years of Soviet powexr,

In 1929 V. N. Kedrolivanskiy participated in organizing the Yakutsk Geophysical
Obsexrvatory, selected the site for its construction, and inspected the
neteorological stations of Tommot, Nezametnyy, Chul'man, Nagornyy, and B,
Never. The modern works that cover the climate peculiarities of the BAM
(Baykal-Amur Trunk Iine) rcuts according to the data of these stations con-
tain also a percentage of the work of Viktor Nikolayevich,
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V. N. Kedrolivanskiy wrote (as & comuthox) the first "Rukovodstvo po
inapektaii stantsiy" [Handbook on Inspaction of Stations] that was published
in 1932, In 1948 it became the foundatlion for the instructlons on inspection
of stations and was used to a considerable measurse in preparing the subse-
quent editlons,

Tn 1925 Viktor Nikolayevich was sent to Persia (Iran) to help in oxganizing

there a moteorologlcal network, He organized six stations that staxted the

Tranian network, For this successfully implemented work the USSR Goographi-
cal Society awarded Viktor Nikolayevich a medal,

The articles of V. N, Kedrolivanskiy on the results of expeditions and
inspactions, and the travel notes, for exampls, "Altayskaya ekspeditsiya,"
[Altay Expedition], "Tri mesyatsa v Persii," [Three Months in Persia], "Po
Iene i Aldanu," [Along the lena and Aldan], "Po reke Yeniseyu do ostrova
Dikson," [Along the Yenisey River to Dikson Ialand], "Na lednikakh Bogosskogo
khrebta" [On the Glaciers of the Bogosskiy Crest] that were published in
METEOROLOGICHESKIY VESTNIK, ISVESI'IYA GFO, the journal KLIMAT I PCGODA and
TRUDY SOVETA PO IZUCHENIYU PROIZVODITEL'NYKH SIL are still redd now with
groat interest.

Tn 1931 in the period of preparation of the second International Polar Year
(IFY) Viktor Nikolayevich was appointed the head of the sector of polar and
high-mountain stations, With his participation a plan was worked out for
conducting geophysical and meteorological works whose fulfillment for the
organization of new polar stations, inspections of the extant, and training
of meteorologist-polar research workers to a considexable measure was the
responsibility of Viktor Nikolayevich. The meteorological observations of
the second IPY were processed under the supervision of Viktor Nikolayevich
and were published with his editorship., He was mentioned by the Central
Administration of the YeGMS [United Hydrometeorological Service] and the

Presidium of the Committee of the Second IPY for the successful fulfillment
of a broad front of work on the IPY.

Viktor Nikolayevich continued to focus a lot of attention to the organization
of instrument verification., In 1937-1938 he headed the section of instru-
ment verification of the Main Geophysical Observatory, and in 1940 he wrote
(as a coauthor) "Instrukisiya po poverke meteorologicheskikh i aerologi-
cheskikh priborov" EInstructions on Verification of Meteorological and Aero-
logical Instruments|.

Viktor Nikolayevich began his pedagogical activity in 1917 in the courses

of Professor P. I. Brounov.* Starting in 1924 he conducted studies on
instruments and methods of meteorological observations in courses of observers
of meteorological stations under the Main Geophysical Observatory that in
1929 were converted into state, Starting in 1930 for a number of years he
lectured on meteorology at Leningrad State University, and in 1938 occupied

*"Higher ﬁohmses on Training of Seientists in Agricultural Meteorology,”
that were conducted by Professor P. I. Brounov,
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the position of professor at leningrad State University in the department

of atmospheric physiecs where he lsctured on Instruments and methods of
meteorologleal obsexrvations, The heads of the department of elimatology
Professor A, A. Kaminskiy and the department of atmosphexic physics Professon
N. P, Tverskoy highly evaluated his lactures and noted that they "enjoy
great success with the audiencas,,,"

In 1937 the book of V. N, Kedrolivangkiy was published "Meteoxologicheskiye
privory" [Meteorological Instruments], This was the first, and for a long
time the only manual on instrument meteorology in Russian, For the first
time 1t stated the physical bases of meteorologicdl instruments and the
technique of their verification, Viktor Nikolayevich worked all his life

on the creation and perfection of such a course corresponding tothe needs of
the time,

In 1938 the Main Administration of the Northern Sea Route invited Viktor
Nikolaysvich to the Hydrographic Institute (today the Admiral S. O, Makarov
Leningrad Higher Engineering Nautical School), He organized there a depart-
ment of meteorology which he supervised for 10 years; many meteorologists
assoclated with the north were trained in this department,

At the same time Viktor Nikolayevich continued his activity in the Main
Geophysical Observatory, He was one of the leaders of the Method Commission
of the Main Geophysical Qbservatory and participated in the preparation of
handbooks, thé improvement in measurements and in solving other questions of
the scientific and method supervision of the network,

During the Great Patriotic War Viktor Nikolayevich worked in the obsexrvatory
(in Ieningrad and Sverdlovsk » then in the Central Design Office of the Main
Administration of the Hydrometeorological Service of the Red Army (Sverdlovsk,
Moscow), During these years he prepared a new monograph on meteorological
instruments that was published in 1947, The materials of this book were a
cgﬂponent part of his doctoral dissertation that he successfully defended in
1

For exemplary fulfillment of the assignments of the command Viktor Nikolayevich
was awarded the Order of the Red Banner of Labor in 1943

Starting in 1944 and then in the postwar years V, N. Kedrolivanskiy headed
the meteorological department of the Main Geophysical Dbsexvatory fin Lenin-
grad). He joihed the editorial commission of the Main Administration of the
Hydrometeorological Service for the publication of new instructions for
stations and their inspection, and took active part in the planning and
officient placement of hydrometeorological stations and posts., He was
elected a deputy of the Vyborg rayon Soviet of Workers' Deputies of Ienin-
grad. He often met with his electors and was interested in their needs,

Becauss of the condition of this health Viktor Nikolayevich was forced to

stop his extensive seientific and nedagogical activity in the Main Geophysical
Observatory and Higher School of Aeromechanics. In the last Year of his life
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he finished'work (as & coauthoxr) on the textbook for higher institutes of
leaxning on meteorological instruments and measurement methods, This book
was published in 1953 aftex the death of Viktor Nikolayevich, It is atill
used now, '

, The scientific and pedagogioal activity of V. N, Kedrolivanskiy was broad

i and multifaceted, He created a school of meteoxologist-instrument workers,
inspectors, verifiers, and participated in the conducting of many important
solentific expeditions, wrote a numbex of books.and set up courses on
meteorological instruments and measurement methods that guaranteed the
training of speolalists who played an important role in the tachnical
equipping of the meteorological service, Throughout his entire 1life Viktox
Nikolaysvich played a great role in the scientific supervision of the meteoro-
logical network, He was a reliable guardian of the high requirements for
meteorologlcal instruments and obsexvatlions, '
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REVIEW OF MONCGRAPH BY I. N. DAVIDAN, L, I, LOPATUKHIN AND V. A, ROZHKOV
ENTITIED " VETROVOYE VOINENIYE KAK VEROYATNOSINYY GIDRODINAMICHESKIY
PROTSESS" (WIND-INDUGED WAVES AS A RANDOM HYDRODYNAMIC PROCESS), LENINGRAD,
GIDROMETEOIZDAT, 1978, 287 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 118

[Article by Candidate of Technical_Sciences A. B, Menzin, and Candidate of
Geographical Sciences M. M. Zubova.]

[Text] In the last 10-15 years wind-induced waves have been primarily.
viewsd as a random process, Here in many cases the problem is merely
reduced to a mathematical description of the agitated surface without
involvement of the physical pattexrn of the phenomenon. Often such a
statement of the theme is completely substantiated, making it possible to
obtain general ideas about the characteristics of the wind field,

Desplte the fairly great nunber of works on the given problem, the authors
have found new aspects of this complex natural phenomenon that deserves
investigation both from the scientific and the practical viewpoint,

The authors of the book have set themselves the task of generalizing not
only their own research, but also the results of other researchers published
in different scientific journals. The authors were quite successful. in
coping with this task, and they used extensive observational materials to
verify the different theories and models,

The contents of the book have been divided into three parts, closely linked
among themsplves by the unified method of approach to the studied phenomenon,

The first part glves a detalled characterization of the random propertiss
of the sea surface. It is based on many years of study, both theoretical

and full-scale of the authors themselves, The use of the latter and their

thorough analysis gives special value to this section, and by the way, to
the entire book as well,
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The tachnique of analyzing the observational data consists of establishing
the affiliation of the empirical distributions o the Weibull asymptotio
distribution. Analysis & the results made it possible to draw the conclusion
that in a quasistationary process for wave heights the Rayleigh distri-
bution is correct that is & particular case of the Weibull distribution and
coincides with that previously obtained by Ya. G, Vilenskiy, B, Kh, Glu=
khovskiy, et al. The laws governing the distridution of periods, lengths,
curvaturs and the two-dimensional distributions differ from those previously
obtalned, : .

Por the sake of falrness to the authors of the book one should nevertheless
note that the distribution of wave periods that they obtained coincldes
with the analogous distribution obtained by L. F., Titov, baged on the law
of dispersion distribution (L. F. Titov, "Vetrovyye volny" [wud-Induced
Waves, Gidrometeoizdat, 1969),

Since the book is intended not only for specialists, but is also recommended
as .a toxtbook, then it seems that this section would be more understandable
if its presentation was started from chapter 5.

The second part of the monograph covers the spectral theory of the develop-
ment, spread, and damping of waves, It gives a detailed analysis of energy
transfor from the air stream to waves, and the peculiarities of the non-
linear interactions and dissipation of energy. In analyzing the equation
of the wave energy balance in the spectral form and in evaluating its
components, the authors show that a number of the spectral components
require further refinement and specification.

A comparison of the results of full-scale observations with spectral cal-
culations based on the correlations obtained from the united theory of
Phillips-Miles brings the authors to the extremely important conclusion
that underestimated evaluations of the amount of energy transmitted from
the air stream to waves is probably explained by the fact that a mechanism
of energy transfer exists that is linked to the action of the tangential
t.ind stresses. The role of the tangential stresses rises due to the
emergence on the main system of waves of secondary overtones,

Chapter 8 presents methods for calculating the random characteristics of
wave action, The presented results from calculations according to the
refined method of Barnett demonstrate the expediency of using spectral
mothods, and once again indlicate the need for refining certain components
in the equation of the wave energy balance,

The third part of the book is of an applied nature. That circumstance that
in addition to the multiple-year functions of wave distribution the functions
of wind distribution are examined makes this part especially valuable, since
despite the intensive study of seas and oceans, the observational data of
the wind and wave-action are quite insufficient to obtain the pattern
characteristics. Therefore the detection of the laws or refinement of the
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already available laws is of undoubted sclentifiec importance and has great
applied valus, ‘As a result of thess studies the authors have compiled a
manual on the pattexn of wind and wave action in the seas and oceans,

The book which is an integral generalization of" the theoretical, experi-

mental and full-scale studies of wind-induced wave action as & random
process 1s of definite sclentific and applied valus and is very timely,
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REVIEN OF MONOGRAPH .EDITED BY YU, P. DORONIN ENTITIED "FIZIKA OKEANA"
(PHYSICS OF THE OCEAN), LENINGRAD, GIDROMETEOIZDAT, 1978, 294 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in.Russia.n No 5, May 79 pp 119-120

[Text] In.the last decade the scales and intenslty of development of seas
and oceans have been considerably altered., Complex problems of a global
nature have arisen and besn acknowledged as the most important problems
that can be solved by methods of mathematical modeling, As a consequence
of this thers has been increasing interest in the monographic and educa- .
tional literature that generalizes the theoretical foundations for the
oceanographic science at the modern stage of their development, Therefore
the book "Fizika okeana" that has been published by Gidrometeoizdat under
the editorship of Yu, P, Doronin as a textbook for students of higher
institutes of learning that are studying the specialty of "oceanclogy"
deserves the most intent attention,

In this textbook, written by a group of major specialists (V. V. Bogo-
rodskly, A. V. Gusev, Yu, P, Doronin, L, N, Kuznetsova, K. S. Shifrin)
the«most important questions are covered of ocean thermodynamics, turbu-
lence, formation and properties of ice, optics, acoustics, electromagnetic
phenomena, If its structure it is closest to the basic work of V. V.

Shuleykin "Fizika morya" [Physics of the Sea] which the authors say they
cften referred to.

Tne textbook is not large in size, which complicated the task of the compilers
to state such extensive material with the required completeness and strict-
ness. We will examine its contents in more detail from this vdewpoint,

The textbook consists of an introduction and eight chapters,

The introduction formulates the main tasks of the couwrse, the state of
studying the physical properties of sea water and the Dprocesses occurring
in the ocean, as well as indicates the method for solving them based on the
use of mathematical apparatus,

It further examines the modern ideas about the molecular nature of water and
about the effect of the intermolecular bonds on the macroscopic properties
of water, ice and vapor.
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The first chapter presents the fundamentals of ocean thermodynamics, The
ocean is viewed as an equilibrium macroscopie system whose condition is
characterized by the set of interrelated physical parameters (tempexature,
salinity, pressure) and functions (inner energy and entropy).

In isolating the fundamental xole of entropy the authors introduce this
concept from two viewpoints: statistical and thexmodynamic, and show its
use in the derivation and application of the main equation of ‘thermodynamies,
in particular, to detexmine the thermophysical characteristics of sea watox,

as well as the areas of existence of its phases and the transition conditions
between them,

The chapter ends with an examination of the questions of thermodynamic
stability in +the example of an analysis of the adlabatic process and con-
Jitions of vertical stability that 1s evalusted according to the numeriocal
values of the Weisel frequency and the Hesselberg-Sverdrup criterion,

The second chapter is a continuation of the first and covers problems of

the evolution of the system, Based on the general equations of sea water
movement and the equations of praservation of mass and diffusion of salts

the author studies the energy condition of the system during its change in
time, and obtains one of the forms of the first principle of thermodynamics--
the equation that expresses the change in the internal snergy through the
parameters of the system and the amount of exchange with the environment,

The change in time of the second function of the state of the system--
entropy is revealed from the position of an examination of the conditions
for its transfer and generation. An approach is shown for finding the
water temperaturs according to the change in entropy that results in the
derivation of the equation of heat conductivity,

Thus, in the first two chapters the theoretical foundations are given for
determining the condition and dynamics of the ocean,

The third chapter presents the main ideas about turbulence as the phenomenon
inherent to the majority of types of water movement in the ocean,

The author successively examines the criteria for the transition from the
lapinar pattern to the turbulent, lists all the main mechanisms for the
generation of turbulence and shows the multiple-scale nature of the
spatial-temporal structure of turbulent movements, The characteristics of

the ocean mass of water is given according to the type of formation and
manifestation of turbulence in it,

The main portion of the chapter covers the technique of detecting the tur-
bulent effect in the equations of hydrothermodynamics, study of the statis-
tleal laws governing turbulence, and presentation of the semirempirical
theories of turbulent exchange, With respect to the lattex, especial attention
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is pald to the methods for detexmining the coefficients of turbulent
oxchange, as well as the derivaticn and analyasis of the sguation for the
balance of turbulent energy that is widely used in the practice of oceano-
logleal chaloulations,

The fourth chapter uses the theoxetical developments of the previous
sactions to solve problems of the distribution of heat and salts in the
ocean,

‘ The author traces the logically completed chain of operations to study ‘the
thermocline fields in the ocean in the following order:

1, Analysis of equations of heat conductivity and transfer of salts in order
to reveal the xole of individual components of equations in the desoription
of the physical processes depending on the scals of the phenomenons

2, Obtaining of the balance squations of heat and salts, and establishment
of a relationship with the atnospheric parameters;

3. Compilation of simplified models and obtaining of analytical solutions
that make it possible to evaluate the heat-salt exchange processes on the
boundary ocean-atmosphere, and in the mass of sea water, In addition, this
chapter has cortain important sections that cover questions of the structure
of the actlve ocaan layer, and the dependence of the profides of temperature

and salinity on the nature of change in the coefficients of turbuylent
mixing,

The fifth chapter treats the laws governing the formation and breakdown of
sea ice depending on its physical-mechanical properties, Here also, as in
the fourth chapter, the results of the research of their author, Yu, P,
Doronin are widely used that are presented in the monographs "Teplovoye
vzaimodeystviye atmosfery i gldrosfery v_Arktike" [Thermal Interaction of the
Atmosphere and Hydrosphere in the Arctic] and "Morskoy led" [Sea Ice] (the
latter was coauthored with D, Ye, Kheysin), ‘ ‘

The sixth chapter contains the main information about the eleoctromagnetic

properties of the sea medium, sources, structure and mechanism for the -
fermation of magnetic and electrical fields. Processes of formation of

telluric and natural electrical currents are especially isolated dus to their

close interrelationship with the dynamics of sea water and the distribution
of microorganisms,

The seventh chapter examines successively the processes of absorption and
scattering of solar radiation in sea water (practica.lly without desecription
of their nature), the laws governing the reflection and refraction of the

) -ight stream falling on the sea surface, as well as the optical characteris-
tics of the light field governed by thenm: brightihess, irradiance, colox.

!
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A contral place with respsct to its importance and information content is
occupled by the treatment of abserption and scattexring processes in sea
water oxpressed in a detalled summary of the parameters of the sizes and
spactra of absorptlion and scattering both for pure water, and for the sub-
stances dissolved and suspended in it,

The eighth ohapte:c covers the spread in the ocean of acoustic waves, After
brief informatlon about the nature of sound oscillations and the links of
their parameters to the characteristics of the media the autihors (V. V.
Bogorodskiy, and A, V. Gusev) advance & derivation of the wave squation and
study its application to a description of the spread of flat, spherical
and oylindrical waves in an unlimited, ideal liquid, Further presentation
covers the effect of a heterogensous aqusous medium and the surface "water-
bottom," "water-air" on the formation of sound fields in the ocean, Here
such phenomena ara examined as reflection und xefraction of acoustic waves,
thelr absoxption and scattering, ways to distribute sound in stratified-

heterogenous media, and in particulax, in the zone of undexwater sound
channel,

At the end of the chapter there is a brief report about the interesting
process called "sea reverberation" and about the sources of generation of
sea noises,

From the given brief survey of the book contents it is clear that the
authors have attained the set goal--demonstrating the fundamentals of the
subject, They succeeded in a concise form of stating extensive material
on all sections of the theory of ocean physics, and here maintain (which

1s very important for a textbook and complicated with collective writing
of it) a single technique of examination, Each chapter looks as follows
in the structural respect: formulation of the initial definitions, deri-
vation of the main equatlons, study on their basis of the physical pro-
cesses of the examined phenomena, In its scientific ideology and employed
information the textbook is quite modern, although mention of such a pheno-
menon (discovered about 10 years ago) as the fine structure, and its effect
on the development of turbulence, apparently, #ould be pertinent in the
appropriate sections,

Despite the isolated misprints that are found in the text the textbook leaves
a very good impression, and due to the urgency of the uestions it states
that are assBuclated to a certain degree with the fact that the studies of

the authors themselves are used in the book, one can hops that the circle

of its readers will hot be limited only to the student audience to whom it

is addressed.
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COMMEMORATION OF 70TH BIRTHDAY OF GEORGIY MIKHAYLOVICH TAUBER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 p 121

[Article by comrades from work]

[Text] On 26 May 1979 the prominent Sowiet sclentist, doctor of geographi-

cal sciences, Professor Georgly Mikhaylovich Tauber celebrates his 70th
birthday, His name is linked to the development of research of Antaretlc

climate and the most important branch of modern oceanology--study of the
interaction of the "ocean-atmosphere" system. Warking in the State Oceano-
graphic Institute as the head of the laboratory of marine meteorology,
Georgiy Mikhaylovich conducts extensive scientific studies on the climate of
Antarctica and its sea water areas, and is involved in problems of the
interaction of the "ocean-atmosphere" system,
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A result of the many years of ressarch work of G, M, Tauber is the monograph
"Antarktika, '6h,I, Osnovnyy cherty klimata i pogody" [Anta.rctica.. Part One,
Main Features of Olinate and Weather] that playsd a considerable xole in the
studies of the Antarctic and in the organization of further work dwring

the Intexnational Geophysical Year, On the problems of "ocean-atmospherae®
interaction and the climate of the Antaretic G, M, Tauber wrots about 80
sclontific works., For many years Georgly Mikhaylovich participated in the

works of WMO on the Commission of Marine Meteorology, and fulfilled great
public work in the institute, N

For his frultful and irreproachable melentific and public activity G, M,
Tauber was awarded the Order of the Red Banner of Iabox, medals, and
honorary certificates.

The charactaristic features of Georgly Mikhaylovich, the scientist, commu-

nist and ocitizen are  high seientific prineiples, modesty, exactingness
towards himsblf, and great humanity,

Georgly Mikhaylovich continues the great work of a scientist,
We wish him good health and further success in his frultful activity,»

*More detailed information about the blography of G. M, Tauber is given in
issus No 5 of METEOROLOGIYA I GIDROLOGIYA, 1969,
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COMMEMORATION OF 90th BIRTHDAY OF IVAN NIKOLAYEVIOH YAROSLAVTSEV
Moscow METEOROLOGIYA I GIDROIOGIYA in Russian No 5, May 79 pp 121-122

[_’I‘eﬁ] 1 May was the 90th birthday of the honored workexr of science and
technology of the Uzbek SSR, doctor of geosraphical sciences, Professor
Ivan Nikolayevich Yaroslavtsev.

Feom 1947 to 1959 Ivan Nikolayevich headec&.:in Tashkent the department of

.nysics in the Polytechnical Institute and worked in the geophysical obsexr-
vatory. .

In 1959 Ivan Nikolayevich retired and moved to Ryazan'., Enormous indus-

triousness, superior capabilities, eruditeness in many areas of geophysics,
a well-meaning attitude towards peopls, and a readiness to help them--all of
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this brought I. N, Yaroslavtssv to the department of physios of the Ryazan'
agricultural institute, During his work ?to Ootobexr 1970) he succeseded also
in Ryazan' of earning the vespsct of his colleagues and students of the
institute. He is an active public worker and an active propagandist.,

Ivan Nikolayevich visits the olasses of the teachers in the department,

and gives them valuable advice about the methods of teaching.

Of great theoretical and practical importance ave the solentific studies
of I. N. Yaroslavtsev in meteorology, in paxrticular, in the field of actino-
metry, He has published over 70 scientific works,

At present Ivan Nikolayevich hasreturned to his research on the effect of
aerosol on solar radiation that he started in 1949, Now he is ending
calculations of the asrosol component in attenuation of solar radiation
over the globe,

We wish Ivan Nikolayevich strong health and further creat’ve succosses,*

*
Biographical information about I, N. Yaroslavtsev is given in METEOROLO-
GIYA I GIDROLOGIYA No 12, 1964 and No 6, 1969.
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PRIZES OF EXHIBITION OF THE ACHIEVEMENTS OF THE NATIONAL ECONOMY OF THE USSR
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 122-124
(Article by M. M, Kuznetsova]

[Text] The main committes of the Exhibition of Achievements of the National
Economy of the USSR has awarded additional prizes to the participants in the
thematic exhibition "Water Resources of the USSR and Hydrological Provision
for the National Economy of the Country" and the examination of works of
inventors and efficiency experts in the pavilion "Hydrometeorological Service."

Diplomas of honor:

A. A, Sokolov, director of State Hydrological Institute, for development of
the thsory of global and continental hydrologic. eycle as the fundamentals
for evaluating the water resources in different natural conditions, methods
of evaluating the water resources in their natural condition, and trans-
formed as a xesult of economic activity at present and in the distant future,
and evaluation of the water resources on global and continental scales.

S. M. Novikov, head of the section of the State Hydrological Instituts, for
development of the theory of hydrology of swamps as the foundation for the
hydrological substantiation of plans for development of reglons of West
Siberia, methods of determining the water pattern and water balance of
rivers, lakes and swamps, plans for complete dessication of swamps that

makes it possible to most economically and rapidly develop the oil fields
of West Siveria,

Diplomas of the first degree:

btate Order of the Red Banner of Iabor Hydrological Institute--for conducting
'esearch and sclentific generalization of the materials of many years of
<bservations that made it possible to evaluate the water resources of the
country, develop methods for their evaluation and calculations, to evaluate

the water supply of economic oblasts, union republics, and the .anthropo-
genic effects on the water resources.
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Ordexr of Lenin Hydrometeorologloal Scientific Research Centexr of the USSR
for development and introduction into practice of new methods of hydxo-
loglc forecasts, rapid supplying of the national economy of the country with
forecasts and information,

Omsk Administration of the Hydrcmeteorologlcal Service for conducting
hydrologlec and aerohydrometric work to investigate the channel deformations
on the Ob' and Irtysh at the sites of laying underwater passages of the main
gas and oil pipelines, The economic sffect from intreiucing the recommen-
dations only for one branch of the gas pipeline passage built through the
Ob' River was 150,000 R.

Central Aerological Observatory for developing and creating the apparatus
"Osadkl" that provides measurement of intensity distribution and quantity
of atmospheric precipitation; radio-transparent concealment of the ship
redar station "Meteoxit," that ylelds an economic effect of about 10,000 R
per yeaxry method of remote determination of moisture content,

Diplamas of the sscond degree:

Transcaucasus Scientific Research Hydrometeorological Institute for the
monograph "Matematicheskoye modelirovaniye gidrologicheskikh ryadov" [Mathe-
matical Modeling of Hydrological Layers]. The developed methods of modeling
are designed for hydropower and hydroeconomic calculations in regulating

the river flow with the help of reservoirs, GES, watex supply systems, and
others,

Institute of Experimental Meteorology for the creation of an instrument for
separate sampling of precipitation and dry precipitate that is a world
innovation and was ackanowledged to be the best at an international compari-
son of instruments and methods of atmospheric pollution control, as well
as the creation of a soft bathometer for taking mea water samples,

Contral Design Office & Hydrometsorological Instrument Making for the develop-
ment of a device for measuring the wind parameters, and instrument for
controlling thermal patterns, and indicator for verifying the logical

devices and an impulss regulator of medium powex,

Sclentific Research Institute of Hydrometeorological Instrument Making for
the development of methods of elsctrical modeling of ¢hannel flow movement,
introduction of the quasianalog machine PR-49 for calculations of flow
Tate and levels of water of natural and regulated flows,

Ukrainian Selentific Research Hydrometeorological Institute for developing

and manufacturing on-board apparatus for remote contactless determination
of the nature of the earth's mantle,

Belorussian Tarritorial Hydrometeorological Center for the development of

an electronic integrator of radiation designed to obtain hourly sums of
different flows of solar radiation with their recording on diagram tape of
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& potentioneter, The use of an integrator reduces the time for processing
the recording material on the average by 70%.

West Siberian Administration of the Hydrometeorological Service for the
improvement in the current méter GR-98, the caleulating-impulse mechanism
for current meters of any type, and modexnization of the anemometer with
arrow reset to zero,

Upper Volga Administration of the Hydrometsoxrologlcal Service for the
development and introduction into the network of aexological stations of
the technique and practlical use in the system of sounding of the meteorite
"RKZ-Oka-3" of a small-sized UHF 6250 amplifiex,

Diplomas of the third degree:

Administration of the Hydrometeorological Service of the Lithuanian SSR
for the development of a test stand to verify the M-63m instrument designed
for rapid troubleshooting in the M-63m sensox.

Kirov Zonal Hydrometeorological Observatory of the Upper Volge Administration
of the Hydrometeorological Sexvice for introduction into the system of

radio sounding of a small-sized UHF 6250 amplifier that makes it possible

to obtain high indices in sounding,

Administration of Hydrometeorological Service of Far East for the develop-
ment of a loading device for repairing L1-3 lamps that makes it possible

to verify the scales of the instrument and control the correctness of its
operation, the checking device for the ARS program with verification of the
addressing distributer and the bathometer for taking water samples for
chemical analysis,

A number of workers of the USSR State Committee on Hydrometeorology and
Environmental Control were awarded medals of the_VDNKh [Exhibition of
Achievements of the National Economy of the USSR].

G.,1d medal:
V. N, Parshin, V. A, fisenko, A, A, Chernikov, I, A, Shiklomanov,

Silver medal:

G. G. Belov, N, A, Bochin, E. V, Buryak, A. D. Volkov, A, N. Volosevich,

V.. P. Voskresenskiy, N, F. Dement'yev, F, L. Dul'yaninov, I. F. Karasev,

A. B, Klaven, R, A. Kruglov, V. A, Levitskiy, A. I. Leytus, A, N, Mal'tsev,
[. I. Matveyenko, A. I. Mekhovich, Yu, V, Mel'nichuk, V. A, Mikhaylov,

Yu, P. Moskvin, Ye. G. Popov, G, G. Svavidze, V, P, Sklavinskiy, V. P,
Tyukhlyaysv,
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Bronze medals

B. I. Aksamentov, V. I, Babkin, N, A, Barabanova, G, P, Bexyulsv, Yu, A,
Boytsov, V. P. Brivkin, V, G, Budilin, A, G. Voronovskiy, V. V. Voskanyan,
Yo, B, Goyz, V. V., Goncharov, Yu, V, Gorbunov, 0. P, Guznishchev, Yae, X,
Davydov, V. I. Den'gin, A, V. Yelfimov, V, M, Yermakov, V, V. Yexokhin,

I. A, Zheleznyak, A, P. Zhidikov, Ye, I. Zhukovskiy, G, V. Zaklinskiy, I. V.
Zelenov, A, A, Ioanesyan, A. V. Karaushev, V, Ya, Kaxpusha, N. L. Xochu=-
tovskiy, A. P. Kopylov, V. I. Koren', Ya. A. Ieonov, A, N, Mel'kher, P, I.
Merem'yanina, S. A, Milovidova, V, V, Milkov, L. A. Mirmovich, A, N. Mys-
litskiy, V. A. Nesterenko, V. G. Noskov, G. M. Oslpenko, V., B, Osis, L, V,
Pen'kova, G. A, DPlitkin, V, N, Polyakov, G, P. Popov, M. G. Pupishskaya,
V. N. Pupkov, G, V. Ragozina, A, V, Savel'yeva, Ye, I. Savchenkova, 8, N,
Samusev, V. I, Sapozhnikov, B, G, Skakal'skiy, L. Ye. Smirnova, T. I.
Starovaytova, M, 8. Sternzad, V., I. Timofeyev, G, P. Ugol'kov, Yu, V,
Uryvayev, K. M. Uskov, Sh, D, Fridman, I. M. Chexnov, Z, M, Chuvakina,

M. V. Zhaginyan, I. M, Shenderovich, G. N, Shepllov, Ye, P, Shurupa,

Diplomas of the Main Exhibition Committee of the USSR VDNKh

have been awarded to the director of the pavilion "Hydrometeorological
Service" Ye, V, Dzyubenko and the senior engineer of the Institute of
Electromechanics V, V., Sudakova.

The total number of participants according to Goskomgidromet was 347 peopls,
Besides the workers of the State Committes of the USSR on Hydrometeorology
and Environmental Control, the Main Exhibition Committee of the USSR VDNKh
for the pavilion"Hydrometeorological Service" awarded prizes to the outside
organizatlons that took direct part in the development of a number of themes.
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Auit smemeniam swa Wilma

COOPERATION CONT INUES TO EXPAND

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 124-126
[Article by Yu, V. Olyunin]

[Text] On 26 Decenber 1978 the regular mesting took place in Ulan-Bator.
of the representatives of the USSR State Committes on Hydrometeorology

and Environmental Control and the Main Administration of the Hydrometeoro-
logical Service of the Council of Ministers of the Mongolian People's
Republic (MNR) at which questions were discussed in a business-like and
constructive atmosphere of the scientific and technical cooperation betwsen
the USSR and the Mongolian People's Republic in the feildd of hydrometeoro-
logy of mutual interest. The Soviet delegation was headed by the first
deputy chairman of the USSR State Committee on Hydrometeorology and Environ-
nental Control Professor Yu, S, Sedunov, while the delegation of the
Mongolian People's Republic Hydrometeorological Service--the head of the
Main Administration of the Hydrometeorologlcal Serviece of the Council of
Ministers of the Mongolian People's Repbulic Doctor D, Tuvdendorzh,

During the meeting the results of cooperation in 1977-1978 were summed up

and the specific plans were examined for the development and deepening of
cooperation in future years,

Cnoperation in the field of hydrometsorology between the USSR and the
Mongolian People's Republic has a renowned history, The first agreement in
this field was signed back in 1935, and since then cooperation has developed
and been strengthened on the basis of agreements, each of which has marked
a new page in the development of scientific and technical cooperation and
improvement in its effectiveness, The successful realization of these
agreements has had a significant effect on the setting up and the evolution
nf the Mongolian People's Republic Hydrometeorological Service, Currently,
scientific and technical cooperation in the field of hydrometeorology is
implemented on the basis of the extant basic bilatéral agreement that is
iaid in the protocol on dirsct cooperation in the field of hydrometeorology
of 2 September 1972 and the intergovernmental agreement on studying the
upper atmospheric laysrs of 1l October 1977.
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Signing of Protocol on Cooperation between the USSR and Mongolian People's
Republic in the Field of Hydrometeorology.

From the left: First Deputy Chairman of the USSR State Committee on Hydro-
meteorology and Environmental Control Yu. S. Sedunov, from the right: head
of the Main Administration of the Hydrometsorological Service of the Council
of Ministers of the Mongolian People's Republic Doctor D, Tuvdendorzh.

At the opening of the meeting of ths representatives of the sides the heads
of the delegations noted with great satisfaction that the fraternal rela-
tionships betwesn the Soviet and Mongollian peoples based on the principles
of socialist internationalism continue to be developed dynamically and
fruitfully in all directions of social activity, including the solution of
the problems of modern hydrometeorology and environmental protection,

The sides stated that a whole series of sections of themes of great national
economic importance have been completed or are at the stags of completion,
In particular, the monograph "Gidrologicheskiy rezhim_rek basseyna x.
Selengi" [Hydrological Pattern of Selenga River Ba.sin] has been published,

a method has been formulated for calculating the rain floods on the rivers
Selenga and Onona, and a plan has been set up for determining the most
efficient placement of hydrological stations in the basin of these rivers.
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A significant event in the sclentific life of the Mongolian People's
Republic will be the publication of the Hydrometeorological atlas of the
country; work on its creation should be finished in 1979, The joint pub-
1ication of this work will be a great contribution of the hydrometeorologli-
cal speciallsts to the successful implementation of plans for national
oconomic construction and improvement in the welfare of the workers of the
Mongolian People's Republic adopted by the party and government.,

The Mongolian People's Republic Hydrometeorological Service is focussing

a lot of attention on the development and perfection of methods for weather
forecasting of varying term. During the discussion of results of research
within the framework of this theme it was noted that a lot has been done

on the preparation of data and the development of a method for complex
macrocirculation method of monthly temperature and precipitation forecasts
over Central Asia. A physical-statistical method is being created for
forecasting precipitation and temperature, and calculations are being made
of statistical characteristics of temperature and precipitation at reference
neteorological stations of the Mongolian Paople's Republic in order to
prepare the predictants, The joint station of rocket sounding of the atmo~
sphere that can be set up in the Mongolian People's Republic on the basls of
the intergovernmental agreement will permit an even deeper investigation of
the processes occurring in the upper atmospheric layers, while the data
obtained with its help will help to create long-term forecasts of higher
justifiability.

The computer center that has been created by the Mongolian People's Repub-
lic Hydrometeorological Service with the cooperation of the Soviet
specialists in the near future will permit a rapid solution to the problems
necessary for scientific rescarch and guarantéeing the interests of the
national economy,

The Mongolian side expressed especial interest in solutions and measures
taken in the USSR for environmental protection and the use of space resources
in the intersst of the efficient use of natural resources (surface water,
cnow cover, plant cover, etc.). N, Zhagvaral, a member of the Politburo,
secretary of the MNRP [Mongolia.n People's Revolutionary Party] Central
Committes and academician, D. Maydar, a member of the Politburc of the

MNRP Central Committee, first deputy chairman of the Council of Ministers
of the Mongolian People's Republic, and doctor, and Doctor Zhadamba, head

of the section of the MNRP Central Committee participated in the discussions
of these questions., The head of the Soviet delegation Yu, S, Sedunov,

and members of the delegation V. M. Voloshchuk and Ye. N. Mikhaylov
answered the questions that interested the Mongolian comrades. During the
conversations opinions were exchanged about measures for intensification

of control over the condition of the environment, The successes achieved

in this field in the USSR and Mongolian People's Republic were noted. In
the Mongolian People's Republic with the help of Soviet specialists a
laboratory for studying pollution of the atmospheric air,” surface waters

and soil has been set up, a network of points to observe the state of air
pollution in the industrial centers of the Mongolian People's Republic has
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beon created, and a plan has been ecompiled for the. placement of observation
pointa for water bodles of the Mongolian People's Republic,

Speaking of {he use of remote sounding methods from space the members of
the Soviet delegation informed the Mongolian side in detail about the tech-
nique of observation and exchange of information, and about the possibili-

) tles of using the observational data from space for the nesds of the national
economy, having especially stressed agriculture, pasture animal husbandry,
l.e., the types of esconemlc activity that are of espscial interest for the
Mongolian People's Republic,

During the meeting the Mongolian side repsatedly noted the contribution of
the USSR to the development of the hydrometeoxologlcal service of theix
country and appraised the positive aevolution of bilateral scidntific and
technical cooperation in this field as an important contribution to the

- strengthening and expansion of friendship betwsen our countries, A detailed
exchange exchange ofopinions was also made on a number of urgent inter-
national questions concerning the organization and carrying out of inter-

national programs and projects to be implemented by +the WMO, UNESCO and othex
international organizations,

Members of the Soviet delegation wers given the opportunity to become acquain-
ted with a number of sclentific research institutions of the Mongolian
People's Repudblic, and with historical and cultural monuments,

The negotiations, conversations and consultations that were made in an
atmosphere of traditlonal friendship and warmth demonstrated the unity of
viewpoints, of the sides on the problems touched upon, their mutual striving
to secuwre fraternal friendship and to steadily develop comprehensive
cooperation betwesn our countries,

As a result of the negotiations a joint protocol was signed with specific
plans for further cooperation, After the signing of the protocol a meeting
took place between the first secretary of the MNRP Central Committese,
“hairman of the Great People's Khural Yu, Tsedenbal and the first deputy
chairman of the USSR State Committee on Hydrometeorology and Environmental

Control, Professor Yu, S, Sedunov. On the Soviet side Yu, V. Olyunin
participated in the conversation,

In the name of the Soviet delegation Yu, S, Seduncv expressed deep grati-
tude for the reception and attention, and noted the high degres of effec-
tiveness of the cooperation between the USSR and the Mongolian People's
Republic in the field of hydrometeorology and environmental protection,
and the exceptionally favorable conditions based on fraternal friendship
between our people for its further development and deepening,

Yu. Tsedenbal dwelt on certain questions of international cooperation
and especially noted the importance of the strengthening of cooperation

between our countries, having stressed here the need to increase the
effectivensss of scientific research,
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CONFERENCES,MEEIINGS AND SEMINARS
Moscow METEOIROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 126-127
[Article by R. G. Reytenbakh, Yu, G, Slatinskiy and A, P, Zhilyayev]

[_Text] On 23-27 Octobexr in Obninsk in the All-Union Scientific Research
Institute of Hydrometeoxologlcal Information--World Data Center an all-
union seminax was conducted "Creation of Hydrometeorological Data Banks."
The need for the organization of such a seminar was elicited by the rising
problems of collecting and accumulating data on the environment, and an
increase in the scales of use of computers to solve scientific and practical
problems of studying the environment, forecasting its condition, putting
out manuals and atlases on the hydrometeoxological pattern., Representatives
participated in the seminar from the leading scientific research institutes
of the USSR State Committee on Hydrometeorology and Environmental Control,
VSEGINGEO [All-Union Sclentific Research Institute of Hydrogeology and
Enginesring Geology], TsNIIKIVR and BeINIIMiVKh [Belorussian Scientific
Research Institute of Reclamation and Water Management], Thirty-six

roports were heard and dlscussed on problems of developing automated systems
for nrocessing and storing hydrometeorological data, method and program
provision, technology and plans for creating funds of hydrometsorological
data on technical carriers, thair control, organization and use for

serving the consumers,

A large group of reports covered the pressntation of questions of method
and program analysis., The report of V. M. Veselov and R, G. Reytenbakh
(VNIIGMI-MI'sD) = "Zadachi, struktura i funktsional'nyye vozmozhnosti
Avtomatizirovannoy informatsionnoy sistemy obrabotki rezhimnoy informatsii
(A1SORI)" [Tasks, Structure and Functional Potentialities of the Automated
Informational System for Processing Systems Information (AISORI)] gave the
brief characteristics of hydrometeorological information, characteristics
of the accumulated files of hydrometeorological data and the problems of
precessing them, analyzed the modern technical and method potentialities
of data processing in hydrometeorology, and presented the structure of the
processing system developed in VNIIGMI-MP'sD. V. M, Veselov in his report
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"Sredstva upravleniya dannyml v AISORI" [Maans of Data Control in AISORI]
presented the main functions of control of hydrometeorological data in the
processing programs, illuminated the possibilities for the developed

language resources, and gave information about the methods of program
realization,

The reports of Yu, P, Churakov, V, M, Pan'kov and V, P, Platonov (VNIIGMI-
MT'sD) stated the program and language resources foxr working with the
hydroneteorological punched card files prepared in the SPM [punched-card
computer] code and for exchange of data on magnetic tapes of the M-222
computer, Minsk-32 and YeS computex.

V. A, Semenov, V. G. Litvin et al, (VNIIGMI-MI'sD) stated the main tasks
and principles of developing an automated informational system of state
accountling of water and water cadaster that will include three subsystems:
"Surface Water," "Underground Watex," "Use of Water,"

In a number of reports of the collesgues of the VNIIGMI-MIaD [All-Union
Sclentific Research Institute of Hydrometeorological Information-World Data
Center] and the GGO [A. I. Voyeykov Main Geophysical Observatory] the
contant was presented for the data bases on meteorology, aerology and
oceanology for the systems to be set up on the basis of the YeS computer,
with substantlation of the sequence of preparation of the different files.

The functional potentlalities and peculiarities of program analysis of the
automated informational-reference system Katalog designed to provide the
usexrs of hydrometeorological information with infoxmation about the data
files, the site of their storage, information carriers, periods and means
of observatlons were presented in the reports of V. M. Veselov, I. R, Dani-
lova, ot al, (VNIIGMI-MTsD).

A whole number of reports of the colleagues of TsAO ECentra.l Aerological
Observatory], GGO, GGI [Sta.te Hydrological Institute |, VNIIMGI-MTsD, and

IEM [Institute of Electromechanics] coversd the experimental work with
specific files of archive hydrometsorological data., Questions of control

of information were presented_by colleagues of the GGI, ICMI [Iﬁningrad
Hydrometeorological Institute], GGO, VNIIGMI-MI'sD, and GKhI [Sta.te Scilentific
and Technical Publishing House of Chemical Literature |, The potentialities
for increasing the reliability of information storage by Interference-killing
coding were shown in the reports of L. P. Afinogenov (GGO) and Ye, P,

Ryzhiye (VNIIGMI-MTsD).

Representatives of the Belorussian Scientific Research Institute of Recla-
mation and Water Management in their report familiarized the seminar parti-
cipants with the experimental automatic processing and accumulation of data
obtained at a number of test bodies. The features of the technique of
constructing the base for rapid information exchange were stated in the
report of V. D. Zhupanov and N. L. Shestakova (GMI's SSSR).
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On the whole the seminar demonstrated that in the institutions of the USSR
State Commlttes on Hydremetaorology and Environmental Control there has
bean a oonsiderable increass in the number of data files desighed for
processing on computers, and the volume and potentialities for program
analysis of data processing, The experience thet has been accumulated by

now 1s a good foundation for developing data banks based on third genexration
computers,

R. G, Reytenbakh

On 31 October in Kiev a meeting took place of the selentific and technical
council of YGMS | Administration of Hydrometeorological Service] of the
Ukrainian SSR that covered the work of the marine network, G. V. Yatssvich
and A, P. Zhilyayev gave reports on the resulis of work of the marine and
estuarine subdivisions of the UGMS and the tasks for 1979-1980.

It was noted in the reports and speeches that in recent ysars in the Ukraini-
an SSR UGMS extensive work has been done to improve the efficiency of the
marine network and types of obsexvations, improve the quality of information
entering for the service of the national economic organizations and the
forecasting organs of the USSR State Committes on Hydrometeorology and
Environmental Control.

It was noted at the meeting that the Ukrainian SSR UGMS systematically
works on the construction of new and the reconstruction of extant units
in the marine network., In 1979 it is planned to examine the question of
the possible construction of self-recorders for the level at a number of
posts in the estuarine region of the Dnepr and the South Bug.,

In order to provide information to the continuously increasing transporta~-
tion and passenger trips there are 12 wavemeter posts operating in the UGMS.
In the near future it is planned to add to them another two-thres seasonal
posts on the routes of the most dense hydrofoil traffiec,

Ice observations play an important role in the activity of the marine
network of the Ukrainian SSR UGMS.

Annually the marine network of the Ukrainian SSR UGMS carries out a large

volume of expedition work. In 1978 alone about 4,500 series of hydrologic
observations were made in the Black and Azov Seas.

The participaits of the meeting noted that in developing the annual plans
of expeditlon work for the marine network the Ukrainian SSR UGMS and the
;0 GOIN [Siberian Department of the State Institute of 0ceanography] in
~ccordance with the decisions of the Scientific Council on the Problem of
Studying Oceans and Seas of the USSR State Committee on Hydrometeorology
and Environmental Control are constantly reaching increases in the salling
duration of expedition ships of all types by reduecing the between-voyage
stops, winter settling period, and other unproductive losses of work time.
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The experlence of operating the best crews of the Dunay GMO demonstrates
that for ships of the SChS type [Blaek Sea medium seiner] under cunditlons
of the Azov-Black Sea basin the practically continuous operation in the
sea for the entire navigation psriod is quite possible,

In the development of plans for expedition work the UGMS and SO GOIN foous
& lot of attention on the organization of complex research with simultansous
participation of all or the majoxity of scientific research ships., Such
work makes 1t possible to solve immediately several problems an one trip,

whereby observatlons are made synchronously in one or several regions of
the sea,

The meeting examined in detall the question of the operation of the ship
network, It was noted that in 1978 within the Ukrainian SSR UGMS thexe
were 316 ship hydrometevrological stations with navigator's crew, In 1977-
1978 about 150,000 hydrometeorological observations were made in different
reglons of the World Ocean, the number of meteorological reports coming

Lo the shore forecasting agencies rose by more than 15%, The ship inspec-
tors of the UGMS did a lot of work to improve the regularity of report
transmissions and increase in the quality of observations,

The adopted decision formulated a number of primary tasks for the further
improvement in activity of the marine network of the Ukrainian SSR UGMS,
intensification in coordinated activities for supervision of the network

betwean the UGMS of ths Ukrainian SSR and the S0 GOIN, and improvement in

the responsibility of all links in the UGMS apparatus for the fulfillment
of the approved plan assignments,

Yu, G. Slatinskiy and A, P, Zhilyayev
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NOT'ES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 79 pp 127-128
[Article by B. I. Silkin] '

[Text] As reported in ENVIRONMENTAL DATA SERVICE, Januaxy 1978, p 5, &
group of American scientists headed by U. I. Gates that is participating
in the international project CLIMAP (Climate: ZLong-Range Investigation,
Mapping and Prediction) has created a numerical model demonstrating the
condition of the earth's atmosphere in the period of maximum development
of the last ice age, that is roughly 18,000 years ago. .

The initial material was the set of paleosynoptic charts gathered for the
first time that reflect the meteorological conditions on the entire surface
of the planet 18,000 years ago; they include data on the extent and thickness
of the ice cover on dry land and on the sea, the temperature of the sea
surface, and the albedo (reflecting ability) of the dry land in this period.

Then computations were made of the temperature of the near-surface air layer
and other characteristics of the epoch, After averaging with respect to

the entire globe and comparison with the temperaturss inherent to owr

modern climate, it was established that a drop in the mean air temperature
with the onset of the ilce period is only 5°C, This conclusion is extremely
important both for an explanation of the problem of the paleoclimate, and

for an answer to the questions of the super long-term climatological fore- .
cast,

In SCIENCE NEWS, 1978, Vol 113, No 8, p 118 it is reported that a group of
astrophysicists from Kitt-Pikski'National Observatory (Tucson, Arizona) led
by U. Livingston have recorded a drop in the e»lar temperaturs by 6 X in
1977, Such a fluctuation, which in the opinion of the researchers, could

be cyclic, was noted for the first time in 1975 when systematic observations
were started. .

The observed drop is 0.1% of the novmal solar temperature (5700 K), it also

means a reduction by 0.5% in the solar constant, that is the quantity of
energy released by the star,
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The tendency towards a drop in temperature was noted for the first time in
January 1977 during one of the six monthly measurements of this parameter,
At this time the spot-forming activity of the sun passed the minimum and

began to grow, and further observation of both parameters demonstrated
their correlation, '

The obsexrved temperature oscillations are small, but, in the opinion of
cortain climatologists, a 2% reduction in it in the space of several centuries
is sufficlent to assume the beginning of an epoch of glaciation.

In respect to the seasonal changes in the distance separating the earth from
the sun, the quantity of energy obtainsd by our planet from it in a year is
altered by 6%, An additional change by 0.5%, in the opinion of U, Iiving-
ston, can already have climatological consequences,

However, before drawing final conclusions it is necessary to have a longer
serles and greater diversity in the observational methods. Preliminaxry
analysis of the data from the meteorological satellite "Nimbus-6" confirms
the opinion of the Kitt-Pikskiy group of researchers.

In the journals ICARUS, Vol 34, 1978 p 28 and SCIENCE NEWS Vol 113, No 18,
1978, p 298 it is reported that several ysars ago it was established that
clouds in the atmosphers of Venus contain a large quantity of sulfuric

4 acid, However its precise amount there remained unknown,

James B, Pollak and colleagues (Ames Research Center of the United States
National Aeronautics and Space Research Administration) came to the con-
clusion that sulfuric acid comprises more than five-sixths of the total
welght of substance contained in these clouds,

The concentration of this acid in drops forming the cloud, according to
these studies, is in the upper part of the clouds, at altitude from 68 to
80 km above the planet's surface 84% (+2), The observations that came to
such a conclusion wers made on a 9l-centimeter telescope installed on board
the Cooper airplane laboratory with whose help reflecting spectra were
obtained in the frequency band 2,9-3.4 um,

In the lower part of the clouds (about 49 km over the underlying surface),
according to the measurements made by the Soviet researchers on board the
automatic interplanetary station "Venera" the concentration of sulfuric
acid is almost the same, 84% (:6).

The American researchers established that the existence of clouds saturated
_ with sulfuric acid significantly reduces the already low water content in

the atmosphere of Venus: in its layers below the clouds it is within the

linits of 0.0006 and 0.01 (by volume), and above the clouds, only 0,000002,
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With respect to the speotra in the short-wave section of the range it -
was established that the optlc depth of clouds on Venus (that is the degree
to which they prevent the penetration of light) is between 25 and 50, This
is equivalent to the conditions of a strong cloud cover on the earth, and

indicates that the surface of Venus is better illuminated than assumed up
to now.

COPYRIGHT's "Meteorologiya i gidrologiya," 1979
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